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THE VARIABILITY OF THE THERMOELECTRIC PYRHELIOMETER FACTOR 


By Irvine F. Hanp 


[Weather Bureau, Washington, D. C., March 1940] 


For several years pyrheliometers utilizing copper- 
constantan thermopiles have been used by the Weather 
Bureau at Washington, D. C., and the Blue Hill Observa- 
tory of Harvard University at Milton, Mass., to measure 
normal incidence radiation.' In every case the readings 
of the thermoelectric pyrheliometers were checked against 
readings of substandards, chiefly the Smithsonian silver- 
disk and the Marvin resistance pyrheliometers, in order 
to determine factors by which to multiply scale readings 
to obtain radiation values in gram-calories. After finding 
that there is a change in these factors with radiation 
fluctuations, we began a series of comparisons late in 
1938 between our substandards and the thermoelectric 
pyrheliometer; and a new and longer series was commenced 
in March 1939, after the recording micromax potentiometer 
had been thoroughly adjusted by factory experts. Com- 

arisons also were made between our substandard pyrhe- 

Ronsiene and a vacuum thermoelectric pyrheliometer ? 
registering on both a micromax potentiometer and an 
eye-read microammeter. 


The appreciable errors, introduced by the change in re- 
sistance of the elements in the vacuum thermopile with 
temperature variations, induced us to change from the 
measurement of current to the null potentiometric method. 
This change is appreciable because of the relatively large 
ratio of the resistance of the couple to that of the total 
circuit; that is, the resistance of the couple is 7 ohms as 
compared with 8 ohms of the microammeter and less than 
1 ohm of the leads, while 7 ohms is the maximum resistance 
which we can introduce externally and still retain proper 
scale deflections. 

Only 14 series of comparisons were made between the 
substandard pyrheliometers and the vacuum thermo- 
couple recording on a microammeter, and these give a 
probable error of +4.5 percent when a single mean for a 
full calorie range is used as a constant factor. By draw- 
ing a line of best fit through the plotted readings, the 
probable error is reduced to +2.7 percent. An attempt 
was made to determine the effect of free-air temperature 
changes, but without success, 

Unquestionably the effect of the Stefan-Boltzman law 
enters into the cause of the varying factors; but calcula- 
tions from available data fail to give results comparable 
with the line of best fit, and it is thought, therefore, owing 
to lack of sufficiently precise data on the characteristics 
of the alloys used, the dimensions, and other quantities, 
that the only practical method of obtaining the factors is 
through a long series of direct comparisons. 


' The first instance of this method of pyrheliometric measurement known to the writer 
= + eh by Ladislaus Gorezyfiski in the MONTHLY WEATHER REVIEW, 52 : 299-301, 
une 4. 
? Single junction vacuum normal incidence pyrheliometer made by Leland B. Clark, 
of the Astrophysical Observatory of the Smithsonian Institution, Washington, D. C. 


291763—41——1 


A much longer series of 337 comparisons was made 
between our substandard pyrheliometers and the Eppley 
normal incidence pyrheliometer, and 298 comparisons 
between the same jahelendiaed instruments and the Clark 
vacuum pyrheliometer, both recording on a potentiometer. 
Table 1 lists all comparisons and corresponding factors 
for both instruments; figure 1 shows a plot of the mean 
factors, as abscissas, against radiation values in gram 
calories as ordinates, for the Eppley pyrheliometer. 

In the case of the Eppley pyrheliometer the probable 
error of a single observation from the line of best fit in 
the range 0.85-1.45 gram calories is +0.37 percent, and 
the probable error of the means of a series of 10 is +0.24 

ercent. However, if the mean value for all observations 
is used for a constant factor, the probable error of indi- 
vidual readings from this constant factor is + 1.18 percent 
for the same range, but somewhat larger for the entire 
range ordinarily covered when making normal incidence 
measurements from air-mass 5.0 to as close to 1.0 air mass 
as is practicable. 

We would expect the probable error of a series to be less 
than that of a single observation, because radiation receipt 
never is uniform. Moreover, the thermoelectric records 
are continuous, whereas the substandard pyrheliometers 
give readings only every minute or every 4 minutes, 
depending upon the type used. 

he probable errors of both instruments with various 
combinations are tabulated in table 2. 


TABLE 1.—Determination of factors by which to multiply scale read- 
ings on Leeds and Northrup potentiometer to obtain normal incidence 
radiation in gram calories 


Means 
Dateandhour | | fer | | Scale | 
iey) | pley | | 
pley) | pley | | | Eppley} Clark 
1939 | | | 
March 3: | | | 
1.134 | 46.0 | .0247 | 
1.133} 46.0 247 | 
1.118 | 45.0 
1.123 | 45.5 
| 
1.130} 46.0 246 
1115 | 45.0) 248} 
1.133 | 46.0 246 | 
1161} 46.5 248 | 
1.161 | 46.5 248 | | 1.138 | .02472 | 
1.167 | 47.0] | 248 a 
L171} 47.0 249 | 
1.207 | 48.5 249 -| 1.190 | .02482 |... 
| 
1.380 | $4.5] 265 
1.383) 540 256 |. 
1. 389 | 55.0 253) | | | 
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FicurE 1.—Plot of the mean factors, as abscissas, against radiation values in gram-calories as ordinates, for the Eppley pyrheliometer. 
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TABLE 1.—Determination of factors by which to multiply scale read- 
ings on Leeds and Northrup potentiometer to obtain normal incidence 
radiation in gram calories—Continued 


341 


TaBLe 1.—Determination of factors by which to multiply scale read- 
ings on Leeds and Northrup potentiometer to obtain normal incidence 
radiation in gram calories—Continued 


Means . Means 
Date and hour E A omer Seale | Factor Date and hour Scale ae Scale | Factor 
pley) | pley Q |Eppley| Clark pley) | pley Q | Eppley! Clark 
1939 1939 
March 7 March 7 
1. 163 46.8 249 89.4 1, 371 53.9 
1. 168 47.1 248 89.5 1, 363 53.9 253 a ae Sew 
1. 158 47.0 246 89.3 1. 345 53.4 bee 
1. 160 47.0 247 89.6 1. 333 53.0 
1.174 47.2 249 89.4 1. 323 52.9 250 1,347 | .02522 |-------.- 
1. 192 47.8 249 89.2 
1. 192 47.8 249 89.2 1, 322 52.9 250 
1.170 47.4 247 89.5 1.326 53.0 250 
1.176 47.5 247 89.5 1.327 53.0 250 
1. 176 47.5 247 89.6 1,329 53.0 251 
Wiseodenctnien 1. 261 50.7 249 93.4 
1. 289 51.1 252 96. 2 | 2ST eRe SS 1. 253 50.4 249 93.0 
1. 290 §1.1 252 96.3 1, 240 50.1 248 92.7 
1. 285 250 96.3 1. 235 50.0 247 92.8 
1. 276 5L8 246 96.3 1. 239 50.0 248 92.8 
1. 267 51.7 245 96. 6 ee ee ‘eee 1, 246 50.1 249 92.7 
1. 273 51.9 245 97.0 1, 247 50.1 249 92.5 
1. 274 51.9 245 96.8 1. 244 50.1 248 92.4 
BAB Lc 1, 266 51.7 245 96.3 131 1.276 | . 02476 01332 1, 2332 49.8 247 92.4 
1, 229 49.8 247 92.6 
1. 240 50.0 248 92.6 
1. 367 54.5 251 101.0 1. 240 50.0 248 92.6 
1. 371 54.5 252 | 101.5 135 | ee 1. 233 40.8 248 92.5 
1. 378 54.5 253 102. 5 
1. 368 54.5 252 102.0 March 8 
1. 361 54.0 252 | 101.0 54.5 255 | 104.0 BA 
1. 368 54.0 254 | 101.0 1. 384 54.5 254 | 164.0 
1. 364 54.5 250 | 101.0 1. 304 55.0 253 | 105.5 
1. 366 54.5 251} 101.5 1.415 56.0 253 | 105.0 
1. 371 54.5 252} 101.5 1. 405 55.5 253 | 105.0 ei Tat See 
1.378 54.5 253 | 102.0 1. 395 55.0 254 | 104.0 
1, 304 55.0 254 | 104.0 Ss 
1. 375 54.0 255 | 104.0 
1,415 55.5 255 | 106.0 1. 389 55.0 253 | 104.0 
1. 431 56.5 253 | 106.0 1, 391 55.0 253 | 104.0 134} 1.393 | .02537 01337 
1. 426 56.0 255 | 106.0 
1.410 55.5 254 | 106.0 1. 378 54.5 253 | 103.0 
1, 422 56.0 254 | 105.0 1. 379 54.5 253 | 103.0 
1.414 55.5 255 | 105.0 1.378 54.5 253 103.0 | 
1. 415 55.5 255 | 105.0 1. 381 54.5 253 | 103.0 
1, 421 56.0 254 | 105.0 1. 376 54.5 253 | 103.0 
1. 425 56.5 252} 105.0 136 | 1.420 | . 02541 01348 1. 368 54.0 254 | 103.0 |) 
1, 381 54.0 256 | 103.0 
1. 390 55.0 253 | 103.0 
1.410 55.0 256 | 105.0 1. 387 55.0 252 | 103.0 Sa 
1. 403 55.0 255 | 105.0 1. 381 55.0 251 | 103.0 134 | 1.380 | .02531 01341 
1. 404 55.0 255 | 105.0 
1. 433 45.0 256 | 105.0 
1. 441 56.0 257 105.0 GPA... 1. 220 49.9 . 0246 92.8 
1. 448 56.0 258 | 105.0 a CARR EI 1, 214 44.9 243 92.8 
1. 433 56.0 256} 105.0 1. 232 50.0 246 93.0 
1, 420 55.5 256 105. 0 1. 222 49.0 250 92.8 
1.414 55.5 255 105. 0 1. 208 49.2 248 92.2 
GR cecusmnate 1.411 55.0 257 105. 0 135 1.422 | . 02561 01363 1. 203 48.2 250 91.2 
1.191 48.1 248 90. 6 
1. 180 48.0 246 90.2 
1. 200 49.0 245 91.6 
49.8 244 92.0 
56.0 | .0256 | 106.5 
1. 420 55.5 256 106.0 as ee 47.8 250 88.0 
1.423 55.5 256 106.0 1.186 47.6 249 88.0 
1.417 55.5 255 | 105.5 1.182 47.6 248 88. 4 
1, 422 55.5 256 | 106.0 1.174 47.6 247 89. 2 
1. 431 56.0 256 | 106.5 | 1. 189 48.0 248 89.0 
1. 432 56.0 256 107.0 
1. 447 56.5 256 107.0 46.5 246 86. 2 
1, 439 56.5 255 107.0 1.150 46.0 246 86. 2 
OWE. ok vutivee 1. 427 56.0 255 106. 5 1. 133 46.0 246 86.4 
1. 137 46.0 247 86. 8 
1. 137 46.0 247 86.8 
1. 481 57.5 257 | 108.0 Ji 1, 133 45.9 247 86. 5 
1.441 | 56.5 255 | 106.0 1.126) 45.8 246} 86.2 
1.414 55.5 255 | 104.0 1.117 45.6 245 85.2 
1.441 56.5 255 | 106.0 1.114 45.4 245 85.2 
1. 439 56.5 255 106.0 45.4 245 4.2 
1.420 56.0 254} 105.0 
1.414 55.5 255 | 105.0 1.153 46.4 248 85.6 
1. 407 55.0 256 | 1040 1.148 46.2 248 85. 6 
1. 396 55.0 254} 1040 1. 136 46.1 246 85. 6 
1. 388 54.5 255 | 104.0 134 | 1.424 | .02551 01356 1, 133 46.0 246 85. 6 
1. 136 46.0 247 85. 5 
1. 133 46.0 246 85.3 
— 1. 361 54.0 252 1.123 46.0 244 85.2 
1. 361 54.0 252 1.111 45.8 243 85.0 
1. 366 54.0 253 1. 108 45.3 245 84.8 |, ern ooses 
1. 366 54.0 253 1. 110 45.3 245 8.8} 131) 1.129 | .02458 01326 
1. 254 
53.9 252 1. 43.6 120 
53.2 250 1.046 43.0 243 81.7 | 
1.323 53.2 249 1.047 42.8 245 81.7 | 128 
1.338 | 53.3 251 1.041 | 49.6 244 1.054 | .02440 | .01288 
1,359 53.6 254 
Off Scale 
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fed TABLE 1.— Determination of factors by which to multiply scale read- | TABLE 1.—Determination of factors by which to multiply scale read- 
Shel ings on Leeds and Northrup potentiometer to obtain normal incidence ings on Leeds and Northrup potentiometer to obtain normal incidence 
radiation in gram calories—Continued radiation in gram calories—Continued 
Means | Means 
Date and hour Seale | Factor! | Factor Date and hour | Seale | Factor) | Factor; 

) Q (Ep- | Q/Ep- Q/ “prety Q (Ep- | Q/Ep- Q/ 
: angle ley) ‘ (Clark) Clark | angle ley) ley) (Clark) Clark 
pley) | pley) Q | Eppley, Clark Q Eppley) Clark 
1939 1939 
March 9: March 9: 1.144] 45.8 250 | 84.8 
0.860] 35.8 249 | 67.8 1.126} 46.1 244| 84.9 & 
0. 852 35.8 238 68.0 1,117 45.8 244 85.2 
0.860 | 35.8 240 | 68.4 1.122] 45.8 245 | 84.8 & 
0.854 | 35.8 1.140 | 46.2 247 | 86.0 
0.860 | 36.0 1.145 | 46.3 247 | 84.9 
a 0.864 | 36.2 239 | 69.6 1.148] 48.3 248 | 85.7 
é 0.866 | 36.2 939 | 69.7 02392! . 01250 1.152] 46.2 249 | 85.8 134 
| 1.159] 46.4 250 | 85.7 
0.912 37.7 242 71.0 | 1. 162 46.5 250 85. 6 136 
0. 927 37.9 245 71.9 | 1. 163 46.5 250 85.5 136 | 1.138 | .0247 . 01336 
0.927 | 38.0 244 7.9 
0. 931 38.4 243 72.1 
0.938 | 38.8 72.1 — 1.150} 46.2] .0249] 85.6] .0134 
0.938 | 39.0 241 0 1,151 46.1 250 | 84.3 
0.944} 39.3 240 .0 _ 1.147 | 46.0 249 | 84.1 
0.952] 39.8 239 | 74.5 | 1.146] 45.8 249 | 84.6 ise 
0.957 | 39.8 | 74.8 1.131 45.3 84.5 | 
0. 961 40.1 76.0 1.123} 45.6 246 83. 2 135 
0.968 | 40.4 240 | 75.4 1.135 | 45.4 250 | 83.0 
0. 980 40.6 241 4 1. 132 45.2 249 83.0 
0.983 | 40.8 241 5.6 1116] 45.1 248 | 82.4 
0. 982 40.5 242 76.9  . 0:43 1. 108 45.1 246) 82.2 135 1.134 | .02486 | . 01352 
0. 980 40.4 243 77.0 
0983} 40.1 245 | 77.2 
2:51 on 0.996 | 40.8 244 77.4 129 | 0.956 | .02419 | 01285 0:37 1. 690 3.8 249 79.8 137 
1. 43.8 248 79.8 136 
1.075 43.8 246 79. 6 
2:50 0.998} 40.8] .0245 | 75.8 1.070] 43.4 247 | 79.6 134 
0. 994 41.0 243 | 76.0 1.071 43.3 247 79.3 
2 1.002} 41.0 244 76.4 1. 065 43.2 247 70.2 134 
1.009} 41.0 246 | 77.0 1.062} 43.2 246 79.1 
1.009} 41.1 245 | 77.0 1, 058 43.2 245 79.1 |, 
1.005] 41.2 244 | 77.4 1.051 43.1 244 79.0 
1.002} 41.0 244 77.4 244 79.0 133 | 1.068 | .02463 | 01345 
1.002} 40.9 245 77.0 
1.004] 40.8 246 | 76.7 
1. 007 40.9 246 0.977 40.0 244 74.0 132 | 0.977 | .02440 | .01320 
1.011 41.4 244 
1.025 | 41.8 245 3 
1. 037 42.0 247 0. 887 36.0 241 67.4 
1. 033 42.0 246 78.4 0. 884 36. 7 241 67.4 
1. 036 42.2 245 78. 4 0. 887 36.7 242 67.6 
1. 036 42.4 245 78. 2 0. 890 36.9 241 67.7 ieee TRE a 
1.030} 42.2 244 0.901 37.0 243 | 68.4 
2. 78. 7.4 239 | 68.7 
1.042] 42.4 246 | 78.3 0.898 | 37.4 240 | 69.0 130 
1. 039 42.6 244 78.3 0. 906 7.3 243 69.0 
1. 043 42.8 244 78. 2 0. 909 37.0 247 70.2 130 6) DR Apres 
1. 047 42.9 244 79.2 0. 910 37.2 245 69.8 
05: 42. 245 79. 0.909 | 37.4 243 
1. 055 43.2 244 78.8 0. 900 37.3 241 69.8 
1.058 | 43.1 246 | 78.6 0.903 | 37.3 242} 69.6 
1. 061 43.4 244 78.9 0. 900 7.3 241 69. 2 | SES 2 Oe, Se 
1. 058 43.3 244 79. 8 37.1 244 69.3 131 | 0.900 | .02422 01303 
1.056 | 43.2 244 0. 4 
1. 054 43.1 245 . 5 
1.057 | 43.1 245 | 80.6 3:06...........] 0.929] 37.9 245 71.2 
1. 067 43.0 248 81.1 0. 945 38.8 244 72.0 
1. 076 43.4 248 81.6 0. 957 39.0 246 73.4 
1. 070 43.5 246 81.8 ie © ei 2 0. 953 39.2 243 73. 4 LE 
1.073 | 43.8 245 | 82.7 0.957} 39.2 244| 73.4 
1. 07 44.0 245 82.8 0.978 39.8 246 74.8 131 
au = 0.987 | 39.9 248 | 74.8 132 | 0.954 | .02447 | .01304 
1003 | 44:7] 245| 824| 133 
| "TARLE 2.—Probable errors of individual readings, and of means from 
1103! 45.2 244} 82.9 lines of best fit and from means of all 
ee 1. 102 45.2 244 82.9 133 | 1.073 | .02449 01324 
n Probable errors: Range | Probable errors: Range 
0.85-1.45 gr.-cal. 0.50-1.50 gr.-cal. 
1.090] 44.5 245 84.6 129 Potentiometer | | Potentiometer | 
1.101 44.7 246 84.4 Eppley| Clark |®™™e-| Eppley| Clark amme- 
1:52 --| 1.107] 44.8 247 | 84.9 130 | 1.096 | .02444 | .01302 ppley ter ter 
Means from line (variable factor). +0. 24 | +0.84 | +1.81 | +0.40 | +1.40 | 43.02 
1 17 45.0 250 84.6 able +0. 37 | +0. 92 0. 62 | +1. 53 
1 121 45.6 246 84.7 Means from mean of all (constant 
factor) 21.18 | 1.31 | £2.69 | £1.97 | £2.18) 4.48 
1.150 | 45.8 251 85.3 
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These small probable errors from the line of best fit 
unquestionably show the need for using variable factors 
rather than a constant factor. In fact they are as close 
as would be expected with the regular substandard instru- 
ments for the following reasons: 

(1) Normal incidence radiation never is uniform at sea 
level, owing chiefly to turbidity. _Waviness therefore in a 
normal incidence curve, although slight on the best of 
days, is natural. 

(2) In the operation of the Smithsonian silver-disk pyr- 
heliometer the shutter is open for 2 minutes, then closed 
for 2 minutes. The alternations with the Marvin resist- 
ance pyrheliometer occur every minute. It is conceiv- 
able under adverse conditions that the shutter might be 
open during low radiation receipt, or that these conditions 
might be reversed. It is obvious that an error is intro- 
duced when comparing such an instrument against one 
that gives instantaneous and continuous readings. 

(3) Owing to the personal equation it is necessary for 
each user of a Smithsonian or a Marvin pyrheliometer to 
personally read the instrument when checking against 
Smithsonian standards at the Astrophysical Observatory. 
A change of observers of necessity introduces another 
small source of error. 

(4) While the design of all instruments here mentioned 
calls for an angular opening of 5°43’, in practical construc- 
tion it mechanically is impossible to adhere to these 
measurements perfectly. As the annulus about the sun 
is by far the brightest portion of the sky, any increase or 
dimunition of the diameter of this annulus, even very 
slight, creates an error which is particularly appreciable 
on hazy days. 

(5) The addition of a highly polished thin quartz or 
glass window over the receiving end of the Eppley and 
Clark pyrheliometers changes the spectral distribution of 
energy received on the thermoelectric surfaces enough to 
produce another small error. 

(6) The receiving surfaces of all the pyrheliometers, 
especially those without sealed windows, undergo slight 
changes in their absorption coefficients owing to dust and 
other extraneous material falling upon their surfaces. 

(7) Any recording mechanism lacks 100 percent preci- 
sion owing to several factors, among which may be cited 
(2), nonuniform scale divisions; (6), incorrect setting of 
the zero and pen; (c), change in length and width of paper 
hecause of humidity variations; (d), slight changes in the 
e. m. f. of the standard cell used with potentiometers; 
(e), irregular rotation of the record roll; (f), zero shift for 
a number of reasons; and (g), the gradual lowering of the 
e. m. f. of the operating battery between checks against 
the standard cell. 

(8) Rapid temperature changes of the free air, and 
winds of appreciable velocity, vitiate slightly the readings 
of all phyrheliometers of the types here mentioned. 

As previously stated, only those readings made after 
the potentiometer was thoroughly adjusted to the highest 
practical efficiency were used in these comparisons. After 
this adjustment the instrument gave extraordinarily good 
results as shown by a continuous record, for more than 
100 hours, of the e. m. f. generated by the vacuum thermo- 
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couple when receiving its energy from a well-seasoned 
lamp in series with a constant voltage regulator. 

In order to minimize errors of paper shrinkage and 
expansion, a special type of record paper is used which 
has a low coefficient of expansion. 

Although the potentiometer automatically balances the 
dry cells against the standard cell every 43 minutes, we 
also make this balance manually immediately preceding 
each series. 

All the other instruments were thoroughly checked and 
placed in first-class condition before the calibrations. The 
Smithsonian silver-disk pyrheliometer was checked against 
Smithsonian standards at the Astrophysical Observatory, 
and used only twice before the tests; all instruments were 
realigned, and indicator points re-etched to insure their 
correct setting on the sun; the Marvin pyrheliometer was 
checked against the silver-disk; the signal-clock was 
regulated to run at a uniform rate; the microammeter 
was tested at the National Bureau of Standards and 
returned to the factory for replacement of a faulty bear- 
ing, after which it was calibrated at the Bureau, and a 
table giving the true values in microamperes of the scale 
readings was used to reduce the observations. 

Upon first thought it might appear that the logical 
method of making these tests would be to run the two 
thermoelectric pyrheliometers against a standard arti- 
fical source of radiation. Practical limitations to date 
have prevented much work along this line, although some 
tests were made with the vacuum thermocouple at the 
Bureau of Standards; these were meager owing to lack 
of a light source of sufficient energy. Moreover, it is 
iuieodellla practically to obtain a point-source of light; 
and as yet no artifical source of energy approximates 
closely the spectral distribution of solar energy. 

Attempts to insure a high degree of accuracy have in 
the past so complicated the apparatus and tes oe it so 
expensive that we have had to limit sharply the number of 
solar observational stations. It is thought that the newer 
type of apparatus will relieve this situation. Without 
doubt the utmost in precision is required in many special 
researches; but in the case of the Weather Bureau, lack of 
personnel and equipment prohibit the general use of preci- 
sion apparatus in the field, although we maintain such in- 
struments at our central observatory, and for general 
radiation climatology, high precision is not necessary. 

Thermoelectric pyrheliometers are especially well 
adapted for measuring the red and yellow components 
between 0.61 and 0.51 »* and have been used for this 
purpose by both this Bureau and the Blue Hill Meteor- 
ological Observatory. 

Upon completion of the tests, the manufacturers im- 
mediately took steps to redesign the thermopile, particu- 
larly as to spacing of the elements, so as to decrease the 
variability of the factor values. While preliminary tests 
on one of these new pyrheliometers show a marked im- 
provement in performance, the data obtained so far are 
too meager to give definite results. 

3 Kimball, Herbert H. Determinations of atmospheric turbidity and watervapor 
content. MONTHLY WEATHER REVIEW 64: 1-5, 1936. 


Kimball, Herbert H. and Hand, Irving F. The use of glass color screens in the study 
of atmospheric depletion of solar radiation. Monthly Weather Review 61: 80-83, 1933. 
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TasLe 3.—Comparison between the constant factor and the variable 
factors of the Eppley pyrheliometer 


(3) (4) (5) (6) 
(1) (2) Percent | Corre- 
Gram-calories depar- | spond- 
Seale! | Factor of 
(1)+(2) | 0.0249 | (4) from) milli- 
x) (3) velts 
21.0 0. 0234 0. 491 0. 523 +6.5 0. 61 
23.1 235 . 545 . 575 +5.9 . 67 
25.3 236 . 597 +5.5 .74 
27.5 237 652 +5.1 81 
29.6 238 . 704 . 737 +4.7 . 88 
31.7 239 . 758 . 789 +4.1 95 
33.7 240 . 809 . 839 +3.7 1.02 
35.8 241 . 863 . 891 +3.2 1. 08 
37.8 242 941 +2.8 1.14 
39.8 243 . 967 . 991 +2.5 1.19 
41.4 244 1.010 1. 031 +2.1 1.25 
43.1 245 1. 056 1. 073 +1.6 1.31 
44.9 246 1. 105 1.118 +1.2 1. 36 
46.9 247 1. 158 1. 168 +0.9 1. 41 
48.6 248 1. 205 1. 210 +0.4 1.45 
50.1 249 1, 247 1. 247 0 1.49 
51.4 250 1. 285 1. 280 —0.4 1, 53 
52. & 251 1.318 1. 307 —0.7 1. 57 
53.5 252 1. 348 1. 332 —1.2 1.61 
54.4 2 1.376 1. 355 —-1.5 1. 64 
55.4 254 1. 407 1.379 —2.0 1. 67 
56. 2 255 1, 433 1.399 —2.3 1.70 
56.9 256 1. 457 1.417 —2.7 1.72 
57.6 257 1. 480 1. 434 —3.2 1.74 
58. 2 258 1. 502 1. 449 —3.5 1.76 
59. 0 259 1. 528 1. 469 —3.8 1.78 
59. 7 260 1, 552 1. 487 —4.2 1.80 


! The reeording micromax potentiometer used for this test has a full-scale deflec- 
tion of 3 millivolts; it therefore is necessary to shift to its alternate 15-milivolt circuit 
when the needle reaches 100 on the scale. 


The probable errors of the values in column 3 do not exceed +0.3 percent. 


Factors to reduce scale readings on potentiometer recording e. m. f. 
generated by Clark thermoelectric pyrheliometer 


Potentiometer Factors Potentiometer Factors 
i 
Scale readings: ! | Seale readings: 

0. 0126 0. 510 81.8 132 1. 080 

46.9 RS: 127 . 596 ‘ 133 1. 180 

128 700 134 1. 320 

129 800 135 1, 419 
130 910 136 1, 482 

131 1.000 137 1. 562 


! With potentiometer having full scale deflection of 3 millivolts it is necessary to shift 
to the 15-millivolt scale when the needle approaches the top of the scale. 
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Our conclusions are: 

(1) Provided factors are determined according to 
methods here described, thermoelectric pyrheliometers 
are excellent for laboratory use in making routine measure- 
ments with a precision as good as that obtained with a 
Marvin pyrheliometer, and only slightly under the pre- 
cision attained with the Smithsonian silver-disk pyrheli- 
ometer. 

(2) The advantages of the use of this type of instrument, 
are manifold; first, a saving of at least 75 percent in the 
observer’s time; second, the readings are continuous; 
and third, the simplicity of the whole apparatus eliminates 
much of the trouble experienced with the accessories 
necessary for the Marvin pyrheliometer. 

(3) The vacuum type is ideal for field use when used 
with a portable potentiometer, especially when weight 
is an important factor, as for example, when measure- 
ments are desired on high, poorly accessible mountain 
tops, because the whole pyrheliometer weighs less than | 
pound. 

(4) The vacuum pyrheliometer assumes equilibrium 
within six seconds after opening the shutter; the copper- 
constantan type requires about 20 seconds to reach equi- 
librium. 

(5) The probable errors are slightly less with the non- 
vacuum type. 

(6) A portable precision eye-read potentiometer is 
recommended for field use rather than a microammeter, 
as the former eliminates practically all errors arising from 
changes in resistance of various units in the electrical 
circuit. 

Additional comparisons made in subzero weather early 
in 1941 between the Smithsonian silver disk, the Clark 
vacuum type and the new Eppley pyrheliometers show (1) 
much less variation in the factors for the new Eppley 
pyrheliometers with widely-spaced elements, and (2) a 
slight free-air temperature effect; that is, all the thermo- 
electric pyrheliometers tested show greater efficiency with 
very low free-air temperatures. 


ADJUSTMENT OF AIRPORT STATION-PRESSURE RECORDS TO FORMER CITY STATION 
ELEVATION 


By W. W. REED 


[Weather Bureau, Washington, D. C., January 1941] 


In the installation of mercurial barometers at the air- 
ports, the tables for reduction of station pressure to sea 
level were based in most cases on a station elevation 
corresponding exactly, or very nearly, to the elevation of 
the ivory point of the barometer, or to the level 8 feet 
above the landing field. In only a relatively few cases 
was the adopted station elevation made to coincide with 
the station elevation at the city office. 

At city offices established prior to 1900, the practice 
has been followed since the beginning of that year of 
maintaining a single “station elevation” by applying a 
“removal correction’ whenever the barometer was moved 
to a different elevation from that existing on January 1, 
1900, so that the ‘‘station pressures’’ pertained to the 
actual elevation as of that date. Thus the adopted 
“station elevation’”’ corresponded to the actual elevation 
of the ivory point of the barometer at the beginning of the 
current century. At city offices established subsequent 
to January 1, 1900, the adopted “station elevation” was 
almost invariably the actual elevation of the barometer 


when the station was first established. Under this 
system, records of “‘station pressure”’ at city offices have 
been directly comparable since the dates in question by 
virtue of the fact the data were pertinent to a single 
“station elevation.” 

However, where city offices were closed or consolidated 
with the airport stations, the changes in elevation were so 
considerable in many cases that it was inadvisable to 
attempt the employment of a “removal correction” and 
the airport “station elevations” were maintained. 

Beginning with July 1939, and prior thereto at several 
stations, the records of pressure at most of the airports were 
made official for synoptic purposes and published in the 
Montuty WeatHer Revinw. This procedure intro- 
duced into the homogeneity of pressure records breaks 
that range in value from a few thousandths of an inch, 
insignificant for practical purposes, to more than 0.50 
inch locally in winter. In view of the need for homo- 
geneity in respect to elevation in the study of pressure 
trends, action has been taken to prepare adjustments for 


« 
J 
| 
| 
| 
| 
| 
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the ai 


city offic ce station elevation. 
of “station pressure” pertinent to the originall 
—. ‘station elevation” are still maintaine 

he following table gives airport pressure readings cor- 
rected so as to represent mean monthly station pressures 
for the old City Office station elevation in order to extend 
the former homogeneous series over the interruption to 
September 1940, when the Review began to carry data 


that meet the requirement noted above. 
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rt station pressures to reduce them to the former 


However, records 


adopted 


In printing the 


data the first figure of the whole number of inches has been 
omitted and only the last figures and the decimal are 


shown. 


in the tens place and 2 in all other cases. 
adjustments applied, future data will not be strictly com- 
parable with the 1900-1939-40 series, but the divergences 
will, in general, be small. 


The first figure of the whole number is 3 for zero 


Even with these 


Station pressures at Airport adjusted to the old City Office elevation 


Stations els nie s 4 
Sie 
Abilene, Tex. (1,750- 
1,738 ft.): 
15] 8.15) 8. 18) 8. 22) 8.40) 8.23 
8. 35) 8.16) 8.10) 8.09) 8.12) 8.12) 8.19) 8.15)... 
(292- 
7 ft.): 
9. 86) 9.84) 9.85) 9.90) 9.99) 0.02) 9.95 
9.91) 9.97) 9.96) 9.82) 9.83) 9.85! 9.84) 9.86) 9.91) 9.90) 0.06) 9.74 
9. 90) 9.86) 9.83} 9.83) 9.81] 9.77) 9.90) 0.00)... 
Albuquerque, N. 
Mex. (5,314-4,972 
ft.): 
5.30} 5.12) 5.11) 5.20) 5.12 
5.07| 5.02) 4.98) 4.98) 5.04) 5.04) 5.22) 5.12)... 
Amarillo, Tex. 
(3,004 3,676 ft): 
6.30} 6.30) 6.32) 6.30) 6. 45! 6, 28 
6. 32) 6. 20) 6. 16) 6.18) 6. 24) 6.25) 6.31) 6.31)... 
Avante Ga. (976- 
173 ft.): 
8.90) 8. 86) 8.86) 8.70) 8.79) 8.78) 8.80) 8.78) 8.80) 8. 94) 8.86) 8.87 
8. 79} 8.83) 8.69) 8.83) 8.83) 8.72) 8.77) 8.83) 8.83) 8.85) 8.91) 8 93 
1937 8. 81) 8. 78] 8.74) 8.78) 8.76) 8.81) 8.84) 8.82) 8.81) 8.87) 8.92 
Se 8. 83! 8.96) 8. 82) 8.84) 8. 76) 8.82) 8. 80) 8.85) 8.81) 8.87) 8.91) 8.87 
= 8. 85) 8.86) 8. 86) 8.78) 8.79) 8.81) 8.79) 8.77) 8.83) 8.86) 8.97) 78 
8. 86) 8.75) 8.74) 8.75) 8.72) 8.80) 8.87) 8. 
Snugusta, Ga. (426- 
182 
9.79] 9.79) 9.84) 9. 88) 0.02) 9. 84 
1940. 9. 93) 9.81) 9. 78) 9. 70) 9.74) 9.81) 9.88) 9.79) ----- 
(621- 
5 ft.): 
9. 57| 9.37) 9.32) 9. 28) 9.30) 9. 28) 9.37) 9. 
Baker, (3,373- 
3,471 ft.): 
...|.....] 6. 46} 6. 46) 6.47) 6. 53) 6.62) 6. 51 
1940. 6. 50) 6.38) 6. 42) 6.44) 6.45) 6.46) 6.44) 6.46)... 
Baltimore, Md. 
1939. 9.85} 9.84) 9.92) 9.92) 0.08) 9.79 
9.05) 9. 83) 9.84] 9.84) 9.78) 9.81) 9,92) 9.96) 
Birmingham, Ala. 
(630-700 ft.): 
= 9, 28) 9. 24) 9.31) 9.36) 9. 50) 9.31 
9. 43) 9. 28) 9. 26) 9.25) 9.23) 9.28) 9.34) 9. 26)... | 
N. Dak. 
(1,660-1 (677 tt): 
8. 15| 8. 16) 8.17) 8.17) 8.36, 8.18 
8. 30) 8.26) & 24) 8.23) 8.21) 8.15) 8.21) 8.24) 
Boise Idaho 
7.12] 7.12) 7.15) 7.23) 7.36) 7.27 
(2, 739 ft. 
1940 7. 26) 7.14) 7.15} 7.14) 7.13) 7.11) 7.10) 7.12 on -- 
Mass. (29- 
124 
9. 9. 90) 9.78) 9.85) 9.85) 9.77) 9.73) 9.87) 9.96) 9.93) 9. 86) 0.09 
_ 0. 11) 9.79) 9.70) 9.87) 9.80) 9.77) 9.82) 9.92) 9.90) 9.90) 9. 88) 9.93 
9. 90) 0.01) 9.83) 9.88) 9.78) 9.84) 9.83) 9.82) 9.87) 9.94) 9.98) 9.90 
9. 83} 9.93) 9.90) 9. 78} 9.82] 9.84) 9.82) 9.85) 9.89) 9.86) 9.97) 9.65 
9. 80) 9.75) 9.74) 9. 79] 9.81) 9.75) 9.88) 9.99) 
Brownsville, Tex. 
ft.): 
= 9. 88) 9. 86) 9. 87) 9.94) 0. 11) 0.00 
0.11) 9.93) 9.87) 9.82) 9.86) 9.82) 9.91) 9. 
Bula, Y. (706- : 
9.15} 9.16) 9.20) 9.18) 9.37) 9.02 
9. 16) 9. 16) 9.21} 9.14) 9.00) 9.08) 9 26) 0, 
Charlotte, N. C. 
(700-779 ft.): 
9. 18) 9.17) 9. 23) 9, 25, 9. 39) 9.16 
9. 25° 9, 9,15' 9,15° 9, 10° 9.17) 9. 26° 9. 
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Continued 
Stations 
Chattanooga, T' 
...| 9. 20) 9. 18) 9.24) 9. 20) 9.43) 9.23 
1940... 9. 34) 9.20) 9.19] 9.17) 9. 14) 21) 9.29) 9. 20)... 
Cheyenne, “Wyo. 
3. 84) 3.74) 3.84) 3.98) 4.02) 4.04) 4.11) 4.12) 4,06) 4.07) 4.13) 3.90 
Pees 3. 76) 3.84) 3.93) 3.88) 4.00) 4.05) 4.12) 4.12) 4.11] 4.05) 3.90) 3.95 
3.93) 3.96) 3.81) 3.94) 3.94) 4.05) 4.13) 4.11) 4.15) 4.07) 3.04) 3.04 
3. 86) 3.81) 3.94) 3.97) 3.97) 3.98) 4.11) 4.11) 4.10) 4.02) 4. 14) 3.99 
3. 95) 3.89) 3.89) 3.92) 4.04) 4.04) 4.13) 4. 
Cincinnati, Ohio 
497-627 ft.): 
9.31) 9.31) 9.35) 9. 30) 9. 58) 9. 30 
1940_ 9. 45) 9.34) 9.31) 9.20) 9. 24) 9. 20) 9.43) 9.36)... 
Cleveland, “Ohio 
(805-762 tt): 
1940__ 9, 22) 9. 18} 9. 14) 9.16) 9.08] 9.11) 9. 26) 9. 
Columbia, “Mo. 
9. 12) 9.13) 9.17) 9.18) 9. 44) 9.17 
on. 9. 36; 9. 18} 9.13) 9.10) 9. 10) 9.11) 9.22) 9. 
Columbia, 8. C. 
ft.): 
9. 74; 9.63) 9.62) 9.62) 9. 57) 9.64) 9.71) 9. 
Columbus, Ohio 
(833-822 ft.): 
1939 . 12) 9. 11) 9. 15) 9.18) 9.36) 
__.| 9.21) 9.12) 9.09) 9.09) 9.03) 9.08) 9.21) 9.18 
Concord, N. H. 
(346-289 [t.): 
9. 57) 9.63) 9.64) 9.57) 9.70) 9. 81)..... v= 
Corpus Christi, 
Tex. (44-20 ft.): 
9.92} 9.92) 9.93) 0.00) 0. 18) 0.05 
1940. _| 0.18) 9.98! 9.93) 9. 88) 9.91) 9.88) 9.97) 9. 
Dallas, Tex. (488- 
512 ft.): 
9. 40] 9. 38) 9.42) 9. 50) 9. 70) 9. 51 
1940 9. 68} 9. 45) 9.39) 9.36) 9.30) 9.38) 9. 46) 0.40) 
Davenport, Jowa 
Denver, “Colo. 
4. 73| 4.64] 4.64) 4.66) 4.77) 4.76) 4.84) 
Des. Moines, Iowa 
(963-860 ft.): 
9.08] 9.04) 9.06) 9.04) 9.32) 9.05 
9. 25; 9. 10) 9.06) 9.03) 9.00) 8.98) 9.09) 9.08) 
Detroit, Mich 
(626-730 ft.): 
9. 26) 9.40) 9.32, 9.15) 9. 23) 9.11) 9. 18) 9.24) 9. 24) 9.27) 9. 25) 9.27 
A IE 9. 34) 9. 24) 9. 20) 9. 18) 9. 26) 9. 13) 9.20) 9. 22) 9.25) 9.37) 9. 30) 9. 26 
9. 18) 9. 24) 9.07) 9. 22 9. 27) 9. 16) 9. 18) 9. 22 9. 27) 9. 26) 9. 26) 9. 36 
9. 34 9. 16) 23) 9. 15) 9. 20) 9. 16) 9. 19) 9. 28) 9. 29) 9. 22) 9. 23) 9. 20 
9. 18} 9.36) 9.13] 9. 9.14) 9.21) 9. 18) 9. 23) 9. 23) 9.32) 9. 26) 9. 22 
9. 17} 9.22) 9. 26) 9.14) 9 18) 9.17) 9.20) 9.19) 9. 24) 9.22) 9. 42) 9. 09 
9, 24] 9. 23) 9. 19] 9. 21) 9.11) 9. 13) 9.30) 9. ditions 
Elkins, W. Va 
....|.-.--| & 8.02) 8.06) 8.05, 8 16) 7.89 
ion 7.96) 7.90) 7.88) 7.91! 7.90) 7.98) 8.10) SS! 
El, Paso, Tex. | 
(3.916-3,778 tt.) 
6. 18) 6.17| 6. 19) 6.22) 6.32) 6.24 
6. 23) 6.15) 6.10) 6.10) 6.13) 6.12) 6.20) 6. 
Briey Pa. (737-714 
t.): 
Fort Wayne, Ind 
¢ 7 ft.): 
9. 0B} 9.11) 9.10) 9.31) 8 99 
9. 13; 9.08) 9.05) 9.06) 8.97) 9.02) 9.17) 9. 
Fort Worth 
(706-679 ft. 
9. 24] 0, 22} 9. 26) 0.33) ©. 53) 9. 34 
9. 51) 9.28] 9.22) 9.20) 9.23) 9.22) 9.29) 9. 
Fresno, Calif. (282- 
27 ft.): 
9. 52) 9. 50) 9. 53) 9.66) 9. 73) 9.77 
9. 73) 9. 73) 9.68) 9.64) 9. 55) 9.48) 9.55) 9. 
Galveston, Tex. (9 
54 ft.): 
....| 9.92) 9. 90) 9. 92) 9. 99) 0. 14) 0.02 
1940. 0.15} 9.96! 9.92) 9.88) 9.90) 9.87) 9.96) 
Grand Rapids, Mich. 
(689-707 [t.): 
9. 21) 9.20) 9. 24) 9.22) 9.44) 9.11 
1 ---------| 0. 294) 9.25) 9.20) 9. 22) 9. 10) 0.13) 9.30) 9. 
Harrisburg, Pa. 
fe): 
Hartford, Conn 
-159 ft.): 


| 
|| 
| 
| 

| 

| 
| 

| | 

| 
| 

| | 
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Station pressures at Airport adjusted to the old City Office elevation— 


Continued 


Stations 


Helena, Mont. 
(3,898-4,124 ft.): 
1940 
Houston, Tex. (62- 
138 ft.): 
1939 
1940. __.. 
Huron, §&. 
al, 
10% 
+4 
Indianapolis, Ind. 
(808-823 {t.): 
1939 +e 
1940 
Jacksonville, Fla. 
(31-43 ft.): 
1940 
Kansas C ity, Mo. 
(750-963 ft.): 


1940. 
Key West, Fila. | 
21 ft.): 
1939 
1940 
Knoxville, Tena. | 
(980-995 ft.): 
1939 } 
1940 
La Crosse, Wis. | 
(672-714 ft.): 
1939 
1940. 
Little Rock, Ark. 
(265-357 ft.): 
1939 
1940 
Los Angeles, Calif. 
(512-338 ft.): 
1940 
Ky. (545- 
525 f 
1939 


1940 
Macon, Ga. (464- 
370 ft.): 
1940_. 
Madison, Wis. (866- | 
974 ft.) | 
| 
1940 
Memphis, Tenn. | 
(284-399 ft.): 
1939 } 


1940 19.7 


Meridian, Miss 
(310-375 ft.): 
1939 
1940 


1940 
Miles City, Mont. 
(2,634-2. 371 
1939____. 


1940 
Milwaukee, Wis. 
(698-681 ft.): 
1939_ 


1940 | 9 


Minneapolis, Minn. 
. (838-919 ft.): 
1938 

| 


Missoula, Mont. 
(3, 180-3,208 ft.) 


Montgomery, “Ala. 
(237-218 ft.): 
1940 
Moorhead, “Minn. 
(899-940 ft.): 
1939 
1940 
Nashville, Te nn. 
(605-546 ft.): 
1939__ 


1940. 42! 0, 40! 9737! 9736!" 


| January 
| February 
| March 


| 9. 83 


| 9. 59) 


1 


95 


| ¢ 
Miami, Fla (12-25 5 | 
ft.): 
| 
| 


i6 | 


9. 60) 


9. 66| 


| 9.04) 9.00) 8.7 


April 
May 


5. 83) 5.85). 


8.96) 8.95) 9.01] 9.04) 9.18) 8.97 
9.05) 8 


. 83) 9.81) 9.83) 9.81) 0.07) 9.93 


0. 04) 9.93 
8.90) 8.94) 8.95) 9.02) 8.97) 9.08 
8.96 8.94) 8,99) 9.08) 9.07) 9.10 
8.91) 8.91] 8.94) 9.02) 9.14) 9.07 
8.93) 8.96) 9.01] 9.00) 9.09) 9.10 
8.93] 8.95) 8.99] 9.03) 8.99} 9.02 
8.91| 8.92| 8.96) 8.96) 9. 23) 8.97 


9. 20} 9.19) 9. 22) 9. 18) 9. 46) 9.17 


9. 59) 9. 57) 9.61) 9.69) 9.89) 9. 67 


8.93) 9.18] 8. 86 


9. 55) 9. 52] 9. 58) 9.65) 9.83) 9. 61 


0.04) 9.96 é 

7.45) 7.48) 7.49) 7.49) 7.64) 7. 50 
9. 25} 9. 24] 9, 28) 9. 24) 9.50) 9.17 
8.94) 8.96) 9.03) 9.01) 8.97) 8.99 
8. 96] 8.96) 8.98) 8.94) 9.21) 8.94 
6.65) 6.66) 6.66) 6.69) 6.82) 6.69 


Stations 


New Haven, Conn. 
(13-107 ft.): 


New Orleans, La. 
(30-53 f{t.): 


N oro, Va. (30-91 


1940 
North Platte, Nebr. 
(2, $21 ft.): 
1939 


1940. 
Oklahoma C ity, 
Okla. (1,304-1,214 
ft.): 


Omaha, Nebr. (982- 


Peoria, Ill. (662-609 
ft.): 


1940 
P biladelphia, Pa. 
(19-114 ft.): 


Phoenix, Ariz. 
(1, 112-1,107 ft.): 
1940 
Pittsburgh, Pa. 
(1,273-842 [t.): 


Portland, 
(63-103 


1940 
ft.): 


Providence, R. I. 
(30-154 ft.): 
Pueblo, Colo. 
(4,806-4 ft.): 


1940... 
Raleigh, N. C. 
(358-376 ft.): 
1939 
1940 
Rapid City, §. Dak. 
(3,218-3, 259 ft.): 
1939__ 


Reno, Nev. (4,400- 
4,527 ft.): 


Riehmond, Va. 
(164-144 ft.): 


ft.): 


St. Joseph, Mo. 
(817-067 ft): 


St. Louis, Mo. 
ft.): 


Salt Lake City, Utah 
(4,227-4,357 ft.): 


April 


June 
| September 


9, 82) 9. 


6. 65 


5.44 


9.32 


9. 85 


8. 96 


9. 88) 9. 84 


6. 64 
5. 48 


9. 90 


October 
November 


December 


0. 02 


5.30 


9. 49 


6. 61 


|| 
| 
- | = = 
| 5.82] 5.81 9.86) 9.87) 9.94) 9.91) 0.04) 9. 73 
4? | 9.88] 9.76] 9.82] 9. 84 80} 9.92) 
| | | | 14] 9.97] 9.94) 9.93) 9.92) 9.92) 9.98) 
"ih | | 
9.10) 9.14) 9.16} 9.37) 9.08 7-04] 7.06] 7.08} 7.05) 7.26] 7.08 
| 9.22] 9.12) 9.09) 9.08) 9.02) 9.07) 9.20) 7. 18| 7.03] 6.99) 7.00] 7.05] 7.01) 7.06) 7.09). 
| pe 8-67] 8.66] 8.70) 8.74] 8.97] 8.75 
8.92) 8.70) 8. 64) 8.62) 8.66] 8.66) 8.72/ 8.69)... | 
1934 9.08) 9. 16) 9.08) 8,95) 8.96) 8.85 | 
9 11] 9.11) 8.90) 8.90) 8.93) 88 
1936 | 9.02) 9.03] 8.84) 8.99) 8.98) 8.89 8.72} 8.79) 78) 8. mm 8.92) 8.91) 8.93 
37 9.07) 9.00) 9.05) 8.84) 8.92) 8.91 1936 8.88} 8.90) 8.68) 8.81) 8. 74) 8.74 76) 8. 8.86) 8.88) 8.89 
| 9°10) 8.93| 8.85) 8.96 8.91] 8.83] 8.91 8.76) 8.76) 8.78) 79) 8.85) 8.91) 8.98 
8.93] 8.99) 9.00) 8.93) 8.89) 8.87 8.86] 8.96] 8.68 8.71| 8.79) 8.77| 8.85) 8.82) 8.86 
9. 18| 8.98| 8.92) 8.90] 8.91) 8.90 1939 ____| 8.76] 8.85) 8. 86! 8.72] 8.70! 8. 76| 8. 8.79| 9.07| 8.83 
| | | | 9.03) 8. 86| 8. 80) 8. 78| 8.74) 8. 82 
0.00} 9.96} 9.95) 9.93) 0.03) 0.04 
0.07) 0.02} 9.97) 9.99] 9.95) 9.98) 0.02) 9.96) 9. 36) 9.36) 9.61) 9.32 
| | 9.48] 9.38) 9:34) 9:31) 9125) 9.26) 9.41] M36) 
9. 36] 9. 29) 9. 24) 9. 22) 9. 13 9. 11| 9. 26] y. 25 | 8.86} 8.84] 8.74] 8.71] 8.65] 8.68) 
| > | 1936 9.08 8.97| 9.11] 9.16] 9.03) 9.06) 9. 16) 9. 17) 9.29 
9.85) 9.64) 9. 56) 9. 58) 9. 58 _ 9. 26) 9.09} 9.08] 9.04) 9.10] 9.05) 9. 9. 20) 9. 19) 9. 22 
| 1938 911} 9. 26} 9.07) 9.12] 9.06! 9. 12} 9.09) 14! 9.12) 9. 22) 9. 15 
x 1u39 | 9.10] 9. 16) 9. 14) 9.05) 9. 09) 9.09) 9. 10) 10) 9. 14) 9. 32) 9.02 
...|...--| 9. 63] 9. 58) 9. 56) 9.60) 9.57). 9. 9.08) 9.06! 9.07] 9.02] 9.05! 9.19) 
| 
3 | 
9. 59) 9.45} 9.43) 9.39) 9.36) 9.40) 9. 62) 9.45)... 
9.60} 9. 58} 9.63) 9.68] 9.81] 9. 64 9. 87| 9.76} 9.85| 9.90) 9.86] 9.89) 9.87) 
9.01) 8.98) 8.95) 8.85) 8.86) 9.03) 9.00) | | | 
| | 5.33] 34) 5.34) 5.20) 5.45) 
| 5.31] 5.21] 5.18) 5.21] 5.30) 5.28) 5.35] | 
9. 78| 9. 58) 9.55) 9. 51] 9.53) 9.55) 9.62) 9.56) | 
| ___| 9.60) 9.59] 9.65) 9.68) 0.81| 
9.61] 9. 56) 9.62] 9. 69] 9.83) 9. 66 | 9.60] 9.57] 9.58] 9.57] 9.52) 9.58] 9.68) 9.64 
80} 9.62) 9.60) 9.58) 9.57] 9.60) 9.65) 9.58)... 
] | | | 
| | | | 6.62) 6.65] 6.62, 6.78) 
| | | 
‘ 139 | | 5.49} 5. 481 5.54) 5.59) 5. 54 
| 7.67| 7.48) 7.47) 7,51) 7.50) 7.44 5. 48| 5.43) 5.46) 5.45) 5. 46) 5.49) 5.48) 
| | | 
. 32) 9. 30) 9. 26] 9. 26] 9.15) 9.16 9.94) 9.81| 9.82] 9.81) 9.75) 9.80] 9.91) 9.91). 
7 | Rochester, N. Y. 
(555-523 ft.): 
-.-| 8,94) 8,88) 8.97 9.41) 9.42) 9.47) 9.45) 9.63) 9. 29 
8.93} 8.99) 9.04) 8.94) 8.90) 8. 88 1940... ______| 9,44] 9.43] 9.38] 9.40] 9.35] 9.33] 9.49] 
9. 13) 9. 07| 9.03) 9.00) 8.93) 8.89 Calif. 
| | | 9. 82} 9.80] 9.82] 9.94) 0.02) 0.05 
3 1940 _...| 6.75] 6.55] 6.59] 6.62) 6.65) 6. 64 
Mobile, Ala. (20-87 | | | 
| _| | 8 91| 8.92) 8. 96| 9. 23) 8. 97 
1040 0. 13) ia 9. 95| 9°94! 9.91| 9.94 ..| 9.18) 8.99) 8.93) 8.91) 8.92) 8.89) 8.98) 
|_| 
9.73] 9.79 “id 9.99] 9. 82 -.-..| 9.36] 9.36] 9.40} 9. 43) 9. 67) 9.40 
9.94, 9. 80) 9.73) 9. 58} 9.42] 9. 37| 9. 33) 9. 34) 9. 45) 9.40)... 
| 
— 8.90} 8.90! 8.92) 8.91) 9. 14) 8.94 _ 5.57] 5.58! 5.62) 5.64) 5.71 5.72 
| 9.07 8.98] 1936... ____| 5.62] 5.46] 5. 56| 5.59) 5. 56| 5.55] 5.61| 5.63) 5.60) 5.67) 5.85) 5.62 
| 688 5.50) 5. 56| 5. 5. 53] 5.57| 5.62) 5.61| 5.63| 5.67) 5.66) 5.68 
5.70! 5.61) 5.50) 5. 55| 5. 55| 5. 54| 5.65] 5.61| §.65| 5.63) 5.73) 5.72 
9.40) 9. 39] 9.44) 9. 50) 9.67) 9. 44 1930. 5. 64] 5. 59] 5.62] 5. 60) 5. 53) 5. 54] 5.61) 5. 62) 5.64) 5.66) 5.77) 5.72 
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Station pressures at Airport adjusted to the old City Office elevation— | Station pressures at Airport adjusted to the old City Office elevation— 
Continued Continued 

San Antonio, Tex. Sioux City, Iowa 
(682-693 ft.): (1,103-1, 138 ft.): 
1940. 9.96! 9.97] 9.90! 9:80] 0.82] |. 8.07) 7.89) 7.93) 7.95) 7.96) 7.94) 7.92) 7.95)... 
Santa Fe, N. Mex. Springfield, Ill. (613- 
(6,525-7,013 ft.): 636 {t.): 
Mich. (724-614 ft.) Springfield, Mo. 
9. 27| 9.30) 9.36) 9.24) 9. 9. 26] 9.30] 9.28] 9.34) 9.27] 9. 52) 9.16 (1,360-1,324 ft.): 
9. 30| 9. 40] 9.32) 9.35] 9.23) 9.20) 9.30) 9.41). 8, 62} 8. 50) 8.63) 8. 66) 8.88) 61 
Savannah, Ga. (51- 8. 77| 59] 8 55| 53) & 56] 8 57/866) 862. | 
9. 34| 9.33] 9.28) 9.31| 9.27) 9.25) 9.40; 9.47) | 
a: ail 9. 92 9. 99 9.91] 9.97] 9.98) 9. 85 Fila. (11-35 
. 9.76) 9.86) 9.92) 9.91) 9.94) 9.91; 9.92) ): 
(3,068-3,700 ft): 1940. 0. 00) 0.02) 9.98) 9.99) 9.94) 0.00] 0.04) 9.94) 
6. 07| 6.12] 6.00] 6.13) Wichita, Kans. 
Shreveport, La. (1,392-1,358 ft.): 
(181-249 ft.): _...| 61) 8. 50) 8.55) 8. 66] & 81! 8 57 
9.71| 9.68) 9.72} 9.81) 9. 97) 9.78 76) 8. 55| 8 48) 8 47 40/856; 855, | 
9.96! 9.74) 9.70! 9.70' 9.68' 9.76 


NORTH ATLANTIC TROPICAL CYCLONES OF 1940 


By Jean H, GALLENNE 


The hurricane season of 1940 was practically normal in 
all respects. There were 8 disturbances of tropical origin 
charted over the North Atlantic Ocean, including the 
Caribbean Sea and the Gulf of Mexico; 4 of these devel- 
oped hurricane intensity. The average annual number of 
such cyclones, based on records for the past 54 years, is 
about 7, of which 3 or 4 usually attain full | hurricane force. 

There were two low barometric pressure records es- 
tablished, the first at the Weather Bureau office, Port 
Arthur, Tex., during the storm of August 2—10; the second 
at the Savannah, Ga., office, in connection with the 
hurricane of August 5-17. At Port Arthur, Tex., the 
lowest recorded was 977.7 millibars (28.87 inches), which 
is considerably lower than the low reading of 994.5 (29.37 
inches) of October 16, 1923. An all-time low sea-level pres- 
sure reading of 974.7 millibars (28.78 inches) for Savannah, 
Ga., was noted during the afternoon of August 11. 

The most destructive storm was that of August 5-15, 
which, after moving very slowly at sea for a period of 


2017683—41——2 


almost a week, crossed the coast near Beaufort, S. C., 
during the afternoon of the 11th, accompanies by hurri- 
cane-force winds from the Savannah area nearly to 
Charleston. An estimated 20 persons lost their lives, and 
approximately $3,000,000 of property damage was sus- 
tained in the coastal areas. e storm later moved 
farther inland to the southern Appalachian Mountain 
region attended by torrential rains and disastrous floods 
in many sections of Georgia, Tennessee, and the Carolinas. 
At Weldon, N.C., on the Roanoke River, a stage of 58 
feet was reached on August 18, exceeding the great flood 
of 1877 by about 5 feet at that place. Press reports 
indicate more than 30 deaths; and crop and property 
damage amounting to many millions of dollars resulted 
in these flood regions. 

A synopsis of the tropical cyclones of 1940 is given 
in the following table. Their tracks, numbered I to 
bee chronologically, are shown on the accompanying 
chart, 
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North Atlantic tropical cyclones of 1940 
[Synopsis of tropical cyclones of 1940 (number of storm in table corresponds to number of track on accompanying chart)] 


Place where first Coast lines Maximum wind Lowest barometer Place of dissipation 
Storm Date reported crossed velocity reported reported Intensity Remarks 
SE Seen? May 18-27 | Southeast of Turks | None._...-......- Force 8, southeast, | 995.6 millibars (29.40 | Southwest of New-| Not of hurricane | No loss of life nor 
Island. M. 8. Good Gulf. na M. 8S. Lu foundland. intensity. property damage. 
ra 
Diihesced Aug. 2-10) @ff the coast of | Florida, Texas....| Force 11, south, 8.8. | 977.7 millibars (28.87 | North-central Ar- | Probably of hur- | | person drowned, 
“| Georgia. Connecticut,82 miles; inches) Port Ar- kansas. ricane intensity. wind and_ rainfal] 
northeast at Port thur, Tex. damage in excess of 
Arthur, Tex. $1,743,550. 
IlI_......| Aug. 5-15 | Between St. Martin | South Carolina_...| Force 12, eastsouth- | 974.7 millibars (28.78 | Southern Virginia.| Full hurricane....| An estimated 50 lives 
and St. Thomas east, 8. 8S. Maine. inches) Savannah, lost and many mil- 
Islands. Ga. lions of dollars in 
crops and property 
damage due to high 
winds and floods as- 
sociated with this 
hurricane. 
|, ee Aug. 30- | 225 miles off the | Nova Scotia_...._. Force 12, east-south- | 965.1 millibars (28.50 | Quebec._..__.____. Full hurricane_...| No loss of life, slight 
Sept. 3. Florida east coast. east, Tanke rFrank- inches) Tanker property damage. 
lin K. Lane. Franklin K. Lane. 
Sept. 11-18..| Northeast of St. | Newfoundland..__| Force 12,  north- | 988.3 millibars (29.19 | do.............| No loss of life nor 
Thomas, V. I. 8. 8. | inches) 8. 8. Borin- property damage. 
orinquen. quen. 
Waisccace Sept. 19-24..| Northeast of Blue- | Honduras, Yuca- | Force 8, southwest, | 1,004 millibars (29.65 | Western Alabama_| Not of hurricane Do. 
fields, Nicaragua. tan and Loui- | Tanker Dannedaike. inches) Tanker intensity. 
siana. Dannedaike. 
VEE Oct. 20-23...; A short distance | Force 9, northeast, | 982.7 millibars (29.02 | South of Puerto Considerable property 
north of the Canal 8. S. Contessa. inches) S. 8S. Cas- Cabezas. damage on the north- 
Zone. tilla. ern coast of Nicara- 
gua. 
VIII.....| Oct. 24-26...| Greater Antilles.....| None..............| Force 7, northeast, | 1,008 millibars (29.77 | West-central At- |... i ..-.| No loss of life nor 
unidentified ship. mobo). Unidenti- lantic Ocean. property damage. 
ship. 


METEOROLOGICAL AND CLIMATOLOGICAL DATA FOR DECEMBER 1940 


(Climate and Crop Weather Division, J. B. Krncer in charge] 


AEROLOGICAL OBSERVATIONS 
By Eart C. Tuom 


The mean surface temperatures were above normal 
generally over the United States in December (chart 1). 
A small area in northern New York had temperatures 
below normal. A large part of the States of Montana and 
North Dakota and smaller areas in the East Central 
States had mean monthly temperatures 6° and 7° F. 
above normal. 

At the 1,500-meter level the directions of the 5 a. m. 
(E. S. T.) resultant winds at most stations were south of 
normal for the month. The only station at which a con- 
siderable opposite turning from normal occurred at this 
level was Houston, Tex. As will be noted from chart IX 
none of the pilot-balloon stations along the Pacific coast, 
in the North Central States or in the East Central States 
and only one station in the northeastern section had 10 or 
more 5 a. m. observations during the month at the 3,000- 
meter level. Over the rest of the United States at this 
level slightly more than half of the stations had resultant 
winds from directions somewhat south of normal. Only 
one of the stations included in table 2 and located in the 
northern half of the country had 10 or more 5 p. m. obser- 
vations which reached the 5,000-meter level during 
December and only 7 such cases were noted to the south- 
ward. The shifting of the resultant winds were equally 
divided at this level, half of the eight stations reporting 
5 p. m. resultant winds from directions to the north of the 
corresponding 5 a. m. normals and the other half from 
directions south of these normals. 

The 5 a. m. resultant velocities for the month were 
higher than normal at the 1,500-meter level over the 
extreme West, the Southwest, and over small areas in the 
North Central and Northeastern States and were lower 
than normal over the rest of the country. At this level 
the largest positive departure was at Medford, Oreg., 


where the resultant velocity was 2.9 meters per second 
above normal while the largest negative departure, 2.5 
meters per second below normal, occurred at Houston, 
Tex. At one-half of the 12 stations, for which comparisons 
with normals could be made at the 3,000-meter level, the 
resultant velocities were above normal and at the other 
half these velocities were below normal. At this level a 
large negative departure, 5.6 meters per second below 
normal, was noted at Atlanta, Ga., with an almost equal 
opposite departure, 5.0 meters per second, above normal 
at Boston, Mass. At two of the eight stations where the 
5 p. m. resultant velocity at 5,000 meters could be com- 
pared with the corresponding 5 a. m. normal, the after- 
noon resultant velocities were lower than the morning 
normals while at the other stations the afternoon velocities 
were much higher than these normals. At St. Louis, Mo., 
the 5 p. m. resultant velocity for the month at 5,000 meters 
was 12.3 meters per second higher than the corresponding 
morning normal. 

It is noted that the above normal surface temperatures 
(chart 1) are well supported by the turning of resultant 
winds to the south of the directions of the normal resultants 
at the 1,500-meter level. 

At the 1,500-meter level the directions of the 5 p. m. 
resultant winds for the month (table 2) were to the north 
of the corresponding 5 a. m. directions at most stations 
in the extreme north, the west central and the south 
central parts of the country and were generally south of 
these morning resultant directions over the rest of the 
country. At 3,000 meters the lack of sufficient observa- 
tions prevent a similar comparison for stations situated 
on the Pacific coast and in the northeastern and north- 
central parts of the United States. Except for southern 
Atlantic coast stations, the directions of the 5 p. m. 
resultant winds at all stations in the southern one-third of 
the country were to the northward of the directions of the 
corresponding morning winds at this level. At most other 
stations for which this comparison could be made the 
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turning of the resultant winds during the day was to the 
southward. 

The 5 p. m. resultant velocities at 1,500 meters were 
lower than those at 5 a. m. over most of the United States. 
Resultant velocities higher in the afternoon than in the 
morning occurred at Spokane and at stations located 
along the South Pacific coast and in the extreme southwest 
as well as in parts of the North Central States, the Great 
Lakes region and East Central States. A decrease in 
resultant velocity during the day occurred at this level 
over all other parts of the country. At the 3,000-meter 
level five stations located in a west central area and two 
stations at well separated locations to the eastward had 
resultant velocities in the afternoon lower than in the 
morning, while the opposite was true at all other stations 
for which this comparison could be made. 

The upper-air data discussed above are based on 5 a. m. 
observations (charts VIII and IX) as well as on observa- 
tions made at 5 p. m. (table 2, and charts X and XI). 

In the United States proper at the 1,000-meter level 
the maximum mean pressure for the month, 906 millibars, 
(table 1) was recorded over both Miami and Pensacola, 
Fla. At each of the standard levels from 1,500 to 12,000 
meters, inclusive, the highest mean monthly pressure 
occurred over Miami. At 13,000 meters a maximum 
pressure of 175 millibars oceurred over both Brownsville 
and Miami while at the 14,000-meter level Brownsville 
and Pensacola both had a pressure of 149 millibars, the 
maximum for that level. At the next three higher stand- 
ard levels the maximum mean monthly pressure occurred 
over Pensacola. At both the 1,000- and 1,500-meter 
levels the lowest mean pressure for December at stations 
within the United States was indicated at Spokane, 
Wash. These pressures at Spokane as well as all pressures 
for this station shown in table 1, are believed to be lower 
than the true monthly means for this station since observa- 
tions were made there only during the latter half of the 
month when abnormally low pressures prevailed in that 
area. At all standard levels from 2,000 meters to 17,000 
meters, inclusive, the lowest mean pressure for the month 
was observed over Sault Ste. Marie. 

At most standard levels mean pressures observed at 
Alaskan stations were lower than those recorded in the 
United States while the mean pressures observed at Swan 
Island were higher at most levels. - 

At all stations for which airplane or radiosonde observa- 
tions were made during the month (table 1) the same or 
lower mean pressures were recorded in December than in 
November at all standard levels from 1,000 meters to 
10,000 meters, inclusive. The only exception was noted 
at the 10,000-meter level over Washington, D. C., where a 
mean pressure of 270 millibars was recorded in December, 
1 millibar higher than the corresponding November 
ressure. Pressures at these levels were considerably 
ower in December than in November at Ketchikan, 
Juneau, and along the upper Pacific coast of the United 
States, the mean pressures at Oakland for these levels 
averaging 5 millibars lower than in the previous month. 
At higher standard levels no well-defined tendency was 
noted when comparing mean pressures for December with 
those for November. 

There was a difference of 29 millibars between the 
highest and the lowest mean monthly pressures recorded 
at the 8,000 meter level over stations within the United 
States proper. This was the largest difference between 
mean pressure values recorded at any standard level. The 


steepest pressure gradient for the month was observed at 
8,000 meters between Sault Ste. Marie and Joliet where 
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a change of 1 millibar was recorded for each 38 miles of 
horizontal distance. Gradients were nearly as steep, how- 
ever, from north to south over any part of the eastern 
third of the country, the difference in mean pressures at 
Sault Ste. Marie and Charleston being 24 millibars, or 
about 1 millibar for each 42 miles. 

At the 1,000-, 2,000-, and 3,000-meter levels mean 
temperatures in December were lower than in November 
at most stations on the Atlantic coast and at those in the 
Southwest, the south central and the west central parts of 
the country. Mean temperatures were higher than in 
the previous month at these levels in Alaska and over the 
extreme northwest and north central parts of the country. 
Corresponding temperature departures were not well 
defined at these levels over the remainder of the country. 
At most standard levels from 5,000 meters to 11,000 
meters, stations located in Alaska and in the extreme 
north central states had mean temperatures higher than 
those of the previous month. Corresponding tendencies 
were not well defined at these levels for Seattle, Omaha, 
or Joliet while at all other United States stations lower 
mean temperatures than last month were observed at 
these levels. With few exceptions mean temperatures at 
levels from 13,000 meters to 19,000 meters were higher 
than corresponding temperatures for November. 

Mean temperatures for December this year were gen- 
erally higher than those for December of last year over the 
eastern half of the United States and were generally lower 
to the westward at the standard levels above the surface 
up to and including 2,000 meters. The principal exception 
to this occurred over the Great Lakes where temperatures 
at these levels were lower than last year, and at Spokane 
where temperatures were higher than last year. At most 
of the standard levels from 2,500 meters to 6,000 meters 
mean temperatures for the month were higher than last 
year over that part of the eastern half of the country which 
lies above the Gulf Coast and were lower than last year 
over the Gulf Coast and over the western half of the coun- 
try. At higher levels no well defined tendency was ob- 
served when the mean temperatures for the month were 
compared with those of last year. . 

The mean surface temperature for the month of Decem- 
ber as recorded by radiosonde observations (table 1) was 
0° C. or lower at all stations located in the extreme 
northeast, the Great Lakes region, the North Central 
States and the northern Rocky Mountain plateau. At 
three stations in this area, however, temperature inversions 
recorded during the month resulted in mean temperatures 
above freezing for the lower levels above the surface and 
in a level having a mean temperature of 0° C. above the 
inversion. Over the rest of the United States the altitude 
at which a mean temperature of 0° C. was observed dur- 
ing December varied from 4,000 meters (m. s. |.) over 
Miami, Fla., to 1,400 meters over Lakehurst, N. J. The 
level of mean freezing temperature was 2,700 meters or 
higher at all stations south of 36° N. latitude. At two 
stations (Seattle, Wash., and Washington, D. C.) the level 
of mean freezing temperature was slightly higher than in 
November, while at all other stations it was lower than 
in the previous month. 

The extreme minimum temperature for the month 
recorded by radiosondes in the free air was —92.6° C. 
(—134.5° F.) observed over Swan Island on December 
28 at a height of 17,800 meters (m. s. l.). The lowest 
temperature recorded over United States was —84.5° C. 
(—120.1° F.) recorded over Miami, Fla., on December 1, 
1940, at 15,000 meters and again on the next day at 
16,200 meters. Seven stations in the United States 
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reported the lowest observed temperature during the 
month as higher than —70° C. 

Table 3 shows the maximum free-air wind velocities and 
their directions for various sections of the United States 
during December as determined by pilot-balloon observa- 
tions. The highest wind velocity reported for the month 
was 92.2 meters per second (206 miles per hour) observed 
over Casper, Wyo., on December 28. This high wind was 
from the northwest at an elevation of 8,910 meters (about 


reported in this month during the last 4 years. 

Tropopause data for December showing the mean 
altitude and temperature of the tro 
stations are shown in table 4 and on ¢ 


5.5 miles) above sea level. The maximum winds reported 
in December this year at all levels were the highest 


pause at various 
t XIII. 


DrEcEMBER 1940 
MEAN ISENTROPIC CHART! 


The monthly chart for December as a whole is typical 
of the winter season with strong westerlies north of 
latitude 35°, and both sets of isobars tending to run 
parallel to latitude lines. Normal data for this surface 
are not available, but the mean moisture content over 
California appears to be quite high. 

December 1940 was characterized by widely different 


types of weather, as can be seen by a study of the weekly 


climatological bulletins. 


that the mean monthl 
typical correlation with the weather of the month. 


It is therefore not ‘surprising 


isentropic chart reflects no 


1 Prepared by A. K. Showalter, Hydrometeorological Section. 


TABLE 1.—Mean free-air barometric pressure in millibars, temperature in degrees Centigrade, and relative humidities in percent obtained by 
) airplanes and radiosondes during December 1940 


Stations with elevations in meters above sea level 


Anchorage Alaska Atlantic Station Atlantic Station No. Barrow, Alaska Bethel, Alaska Bismark, N. Dak. Brownsville, Tex. 
(41 m.) No. 12 (3 m.) 24 (3 m.) (6 m.) (7 m.) (505 m.) (6 m.) 

Z | & le |z eleilziale lz |z & |e |z & & iz 
993} —5.3} 85}  26/1,019] 15.3) 74] 15) 1,017) 14.3) 81| 83/ 998|/—10.8} 88} 31) 956) —7.2| 31) 1,016) 16.4) 89 
31| 938} —2.9) 82} 26] 960} 11.0} 78} 958} 10.0) 83| 27) 946/-20.6| 87) 17) —6.2) 811 950) 16.0) 83 
31} $80] —3.3| 76, 904) 7.2| 82] 15, 902] 62) 884\-17.5| 82} 17| 879| —5.9} 85| 808] 75) 31] 904) 14.2] 75 
31| 825} —6.0} 74) 4.9) 79} 848] 83| 27) 827/—17.5| 824) —7.6] 80] 31] 843} 69} 31] 852) 12.2) 70 
81) —8.9) 74) 26) 800) 3.2) 70) 798) 24) 69) 27) 773\—18.7| 78| 17) 773\—10.7| 31) —3 5) 31) 803) 10.2) 64 
31) 725|—12.0| 26) 752} 56 14) .7| 60| 27) 722|—20.4| 76) 17| 724|-13.9| 31| 743} —5.6) 63| 31) 7.9) 61 
31| 679/—15.0| 70} 26) 707) —.2; 14) 704) —21| 56) 27) 675|-227| 72} 677|—17.1| 73} 31) 697) —8.3| 62) 711 5.4) 85 
594/—21.4} 25) 623; —5.9| 46) 14] 620) —8.2) 51} 27; 588|—28.4) 68] 502/—24.5) 71| 31] 612i-14.2} 30) 628] —.6| 51 
518/—28.1| 66) 24) 547/-12.2) 14) §44/-14.6| 47) 27) 65| 17) 515|—31.4| 63) 31] 535/—20.6 29| 554| —7.4| 48 
30) 450\—35.0) 65) 23, 479/-18.0) 48) 14) 476/218) 46) 27 62) 16) 446|—38.5) 57} 31) 467|-27.7) 58) 486/—14.2) 45 
21) 418|—25.8} 50} 14) 44) 16] 405/—-34.6) 56) 29) 425|—21.2) 45 
29, 363/-32.9| 51| 360/—36.1| 44! 27] 16] 31} 371/—28.0] 43 
29) 287/53. 6 13] 15| 283/—55.8]_- 31} 20] 3221-349] 41 

246|—55. 16} 13} 268|—48.0! 26| 230|—56. 15} 242|—55. 31| 258|—53. 278/—42.4) 

27} 210|—54.8)-...| 12) 230|-52.4 26) 14) 31] 222/—55.3)_- 28) 240|—48. 8) 

180|—52.9 15| 11| 196|—55.6 26| 174|—54.6\_- 13} 177|—52. 189|—54.6)_- 205|—54.2 

154|—51.7 14} 10} 24) 149] 13} 30} 162/54. 25) 175|—59. 2) 

24| 132|—51.8 12} 9} 142|—61.8| 127|—55. 130/—51.4 26| 138|—55. 7|_- 24) 9) 

21} 113}—52.1 10} 122|—64.  120|—64. 0! 109|—55. 7|_- 8} 111\/—51.1 25| 118|—56. 7|_- 24) =126/—68. 5|___ 
19} 10) 104|—66.1|_- 6} 102\—66. 4| 19} 93|—56. 5} 95|—50.1 22} 22) 107|—71.6)_- 

8} 5 —66. 0) 9 67/—50. 73|—60.7|_- 19|  77|—67.4 

| 

Stations with elevations in meters above sea level 

Charleston, 8. C. Coco Solo, C. Z.}2 Denver, Colo. EI Paso, Tex. Ely, Nev. Fairbanks, Alaska Great Falls, Mont. 

(14 m.) (15 m.) (1,616 m.) (1,193 m.) (1,908 m.) (153 m.) (1,122 m.) 
Ss 4 Riss Biss Piss 4 Biss Piss Piss 2 

z |e |ale je & |z & |e |z |z ele iz 

31/1,018 89}  23/1,012) 26.3; 89] 31) 837) 78) 31) 7.6) 61] 31] 809} —3.7| 76] 31] 985/-16.6| 77 884) —0.4) 61 
30} 801} 61) 804) 15.8) 57 798; 69} 31) 802) 7.4) 52} 31) 800) —1.8| 74) 31| 776/—11.3| 75) 28 —1.9| 58 
30) 7 4.1} 60| 23) 757) 13.3] 43 750| —.4| 63) 31| 754) 5.0) 49| 31) 751 66} 726/-13.7| 28 —5.1| 50 
30 1.7| 52) 23] 713) 10.8) 33 704| —3.3| 60} 31) 709) 2.0) 48 705] —3.7| 65) 679/164) 68 —8.1] 59 
30| 625} —2.9| 43) 20) 632) 4.4) 31 619| —9.4| 59) 625) —4.4| 45) 31/ —8.8| 57| 29) 594/228] 67 —14.3| 56 
31| 551] —9.5| 43 544/—15.9| 57; 31) 44) 545/-15.4| 53) 20) 518/-29.3| 64 —20.6| 53 
31) 483/-16.2) 44 475|—22.8| 31) 482\—17.7| 43] 30] 476|-22.5| 52] 449/-35.9| 62] 28 —27.5| 51 
31| 422)/—22.9) 44|- 413|—30.1} 421/—25.1/ 41) 30] 415/—30.3| 51) 26) 28 —35.0} 50 
31 —30.0) 358|—37.8| 54] 30] 366|—33.1) 38| 30) 360|—37.6) —42.3).... 
318|—37.7| 44 30) 30) 21) 28 —48. 9}... 
30} 166] —57.7|.... 27] 13) 162| —54. 
20) 75\—68. 74\—61.0|....| 21) 14) 74|—88.3}...- 


See footnotes at end of table. 
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Tape 1.—Mean free-air barometric pressure in 


DeEcEMBER 1940 


millibars, temperature in degrees Centigrade, and relative humidities in percent, obtained by 


airplanes and radiosondes during December 1940—Continued 
Stations with efevations in meters above sea level 
Phoenix, Ariz. Portland, Maine St. Thomas, V. I.! San Diego, Calif.’ 8. 8. Marie, Mich. Seattle, Wash.! Spokane, Wash. 
(339 m (9 m.) (8 m.) (19 m.) (221 m.) (27m (598 m 
& Z & Z & Z = IZ & Z & Z is 
976 11.01 76) - 3141,016)°—5. 2)" 20/1,012} 14.5) 82) 31) 990) —5.8| 87 1,010) 6. 82} 15} 938) 2.0) 91 
31; 958) 14.0) 67) 31 956) 15.7) 58) 31) 955) —6.9 954 5. 
31| 903} 13.3) 56! 31). 898} —2.8/ 29; 902) 13.5) 49) 31) 896) —8.2 90 897; 3. 72| 15) 893) 2.9) 
31, 850) 10.6) 51 29; 849) 10.6) 45 30; 840) —8.3) 82 843 71; 14 &39 1.6) 84 
31; 800) 7.7} 49 800; 7.8} 42) 30) 787) —9.0) 7 792) —1. 68; 14 788, —1.6) 86 
31; 753 4.9) 47 29] 752) 5.0) 40) 30) 738)—10.5) 73 743; —4. 63) 14 789| —4.6) 8&8 
30; 708) 2.3) 45) 31) 696 st 28] 707) 2.3) 39; 30) 601/—12.4) 71 —7. 59} 144 694) —7.7| 
30; 625) —4.0) 41 28) 624; —4.1) 44 605|—17.4| 70 612) —13. 3 12 609|—13.1) 77 
30) 550|—11.0! 39) 31) 535/—19.1| 69 28) §49)—11.0) 52 529) —23.8) 67 —19. 8 55} 11 533|—19.9) 72 
30| 482)—18.2) 38 31 7|—25.8; 481;—18.0) 55 29} 460)—30.6) 65 467) —26. 57| 10 466|—26.9| 69 
| 420|\—25.2) 38) 31) 406)—33.0) 28| 421/—25.3) 59} 28) 399)|—37.3) 64 406) —34. 61 8} 404/—34.5) 66 
366|—32.6) 38} 30) 366|/—32. 3)... 27| 352) —41. _. 
28; 317\|—40.1 27| +316)—39. 5) 296) —50. 0} 303) —47. 9}... _- 301|—49. 1 
26; 273|—46.7 273|—46. 1) 25) 254) —55. 6} 260) —52. 6)... 8} 258)—54. 1). 
24| 234/—52.4 27 24) 234)—52. 23; + 217|—56. 9} __- 223) —55. 221)—54.9)_ 
22} 200'—56.4 24 22) 200|—55.8 22 185)—56. 1 —55. 8 — 54. 9 
171|—59.0 22 16) 171;—59. 2 2 21; + 158}—56.0)___- 163) —54. 8 161; —54. 
20; 145|—62.6 21 15} 146}—62.3 20} 135) —57.0)__- 139) —54. 9} 8 138) —55. 0 
20; 122|—65. 9j__- 20 124|—65. 20; 116)—858. 3! 119) —55. 7 —56, 3} ___ 
18} 17 105|—67. 9} __ 15 99) —58. 6) 102) —56. 3} —57. 
13; 88)|—68. 15 6; 10; 84) —60.0)__- 
Stations with elevations in meters above sea level 
Late reports for— 
Swan Island, West | washington, D. T 
feet (7 m. October 1940 | November 1940 November 1940 November 1940 Noveinber 1940 
Altitude : Barrow, Alaska Barrow, Alaska Bethel, Alaska Atlantic Station No. 1! |AtlanticStation No.2 
(meters) (6 m.) | (6 m.) (7 m.) (3 m.) (3 m.) 
25.6) 80 30/1, 019 4.0) 78 30} 1,012) —4.2) 92 30/1, 014 —11.9| 86 28 1, 08! —4.4| 90 22)1,020; 17.4 70; 18} 1,021 ail 
31| 957; 22.8} 30) 960) 3.8) 75 30; 950) —6.8, 91 30! 951; —9.2 28} —2.9) 87 22) 961; 12.8 76; 1 962} 13.0) 76 
31) 904) 20.0) 82} 30) 903 72 30; 891) —9.2) 91 30; 891) —9.3) 71 28} —4.7| 86) 22) 906) 88 81} 18; 907 9.2} 7% 
853) 17.1) 79| 30) 849) 2.8) 67 30| 835)—10.5) 84 30) 835|—11.2| 66) 28] 834) —7.0) 79 22| 852 5.5 80} 18) 853) 5.4) 80 
31; 804) 14.6) 7 30| 797 1.5) 62 30! 782\- 12.0} 30| 782/—13.2| 50) 28] 782) —S.7} 66) 22) 802) 3.4 76| 18) 803) 4.3) 70 
81; 758; 12.5) 63 30| 749) —1.0} 30} 732)—14.0) 71 30| 732/-15.7| 55} 27) 732/—11.4) 62) 21] 754 2.2 67; 18 7 2.4) 55 
31, 714 57 30) 7 -3. 30} 685|—-16.6) 30) 685/—18.4) 53 27| +686|—14.4) 62) 20) 7 0 59} 16) .4| 8 
4,000 30; 632) 4.7) 43 30} —8.6| 53 65) 30; 598)—24.4) 51 27; +600)—20.9) 61 19} 624) —4.9 53) 14, 625) —5.3) 
5,000 30} 559) —1.1) 35 29} 543)—14.5) 52 29 522}—29.0) 63 30; 520|—30.4) 50 27| 60 il} 549\—10.7 47| 13 550|—10.9| 30 
30| 492} —7.7| 36) 28) 475)—21.2) 55 29| 453/—36.2} 30) 451)/-—37.3) 48 454|—34.7) 62 9} 481\—18.0 44) il 481|—18.2| 40 
432)—14.2) 34 28; 414)- 27.8) 55 29; 29) 26} 393)—41. 7} 7| 420;—24. 4). 10 419|—26. 41 
30} 35 16} 360|—34.1| 53 27 —49. 7 335|—50. 338) — 47. 10 364|—33.4) 40 
30} 286|—36. 3} --- 14| 270|—47.8 26 247|—53.8 3) _- 25) 54.0 6 269) —48. 9} 
30} 247|—44. 2)_- 8 —53.2 26 212)—51. 5)__- 29| 210)—56. 23 213) —53. 4 


1U. 8. Navy. 


2 Airplane observations. 

3 Observations made on Coast Guard Vessels in or near the 5° square: 
Lat. 35°00’ N. to 40°00’ N. 
Long. 55°00’ W. to 60°00’ W. 

4 Observations made on Coast Guard Vessels in or near the 5° square; 
Lat. 35°00’ N. to 40°00’ N. 
Long. 45°00’ W. to 50°00’ W. 


§ Radiosonde and airplane observations. 


NoreE.—All observations taken at 12:30 a. m., 75th meridian time, except at Washington, 


D. C., and Lakehurst, N. J., where they are taken near 5a. m., E. S 


T., at Norfolk, V8., 


where they are taken at about 6 a. m., and at Pearl Harbor, T. H., shortly after sunrise. 
None of the means included in this table are based on less than 


level observations. 


15 surface or 5 standard 


Number of observations refers to pressure only as temperature and humidity data are 
missing for some observations at certain levels; also, the humidity data are not used in 
daily observations when the temperature is below —40° C, 
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TasLe 3.—Marimum free-air wind velocities (m. p. s.), for different sections of the United States, based on pilot-balloon observations during 


ecember 1940 
“8 Surface to 2,500 meters (m. s. 1.) Between 2,500 and 5,000 meters (m. s. 1.) Above 5,000 meters (m. s. I.) 
on n 
tion Station Bs tion Station Station 
|3 = E z 
= < Qa = < A = < 
Northeast !.. 44.2 | WSW_..| 1,090 | 16 | Toledo, 49.2 | 4,970 | 12 | Caribou, Maine-_-_- 70.4 | WNW..| 5,870 | 18 | Caribou, Maine. 
Fast-Central ?__._.| 43.8 | 2,310 | 16 | Elkins, W. 44.7 | NW_....| 5,000] 7 Nashville, Tenn ____|| 66.0 | 13,046 | 20 | Greensboro, N. C. 
Southeast ---} 30.1 | 1,190 | 24 39.2 | SSW 3,880 | 27 | Miami, 56.0 | WSW-_--| 11,900 | 31 | Jacksonville, Fla. 
North-Central 47.5 | NW 2,150 | 6 | Rapid City, 8S. 43.2 | 4,660 | 9 | Huron, 8. 67.4 | 8,180 | 26 Duluth, Minn. 
Central #.......... 44.2) WSW 1,470 | 5 | Des Moines, Iowa_- || 50.4 | NW 4,300 | 29 | Wichita, 6.8 | ,020 | 28 | Wichita, Kans. 
Vv, South-Central ¢__._| 37.4 | N_._- 1,710 | 26 | Abilene, Tex___.__- 65.8 | NNW___| 4,390 | 27 | Abilene, Tex___.___- 66.0 | NW__-_.| 21,310 5 | Abilene, Tex. 
i Northwest _ 16 Island, || 55.8 | W.___.- 3,200 | 5 | Havre, Mont 67.0 | W__....| 13,870 | 21 | Billings, Mont. 
vas 
40.8 | WNW__/ 2,480 | 6] Cheyenne, er 3, 5 | Sheridan, Wyo_____-|| 92.2 W.__.| 8,910 | 28 | Casper, Wyo. 
Southwest *.....__.| 87.5 | NW-.__.| 2,278 | 25 | Roswell, N. Mex.___|) 47.0 | S........ 3,810 | 28 | Sandberg, Calif..._.|| 78.9 | WNW-_.| 8,760 | 25 | Las Vegas, Nev. 
1 Maine, Vermont, New Hampshire, Massachusetts, Rhode Island, Connecticut, ¢ Mississippi, Arkansas, Louisiana, Oklahoma, Texas (except extreme West Texas) 
New York, New Jersey, Pennsylvania, and Northern Ohio. and Western Tennessee 
‘ ? Delaware, Maryland, Virginia, West Virginia, Southern Ohio, Kentucky, Eastern 7 Montana, Idaho, Washington, and Oregon 
Tennessee, and North Carolina. § Wyoming, Colorado, Ut , Northern Nevada, and neg California. 
’ South Carolina, Georgia, Florida, and Alabama. ® Southern California, Southern Nevada, Arizona, New Mexico, and extreme West 
* Michigan, Wisconsin, Minnesota, North Dakota, and -* was Dakota. Texas. 


‘ Indiana, Iinois, Iowa, Nebraska, Kansas, and Missouri 


TaBLe 4,——Mean altitudes and temperatures of significant points identifiable as tropopauses during December 1940, classified according to the 
potential temperatures (10° intervals between 290° and 409° A.) with which they are ident.fied (based on radiosonde observations) 


} Stations... otto’ Anchorage, Alaska} Barrow, Alaska Bethel, Alaska |Bismarck, N. Dak.| Brownsville, Tex. | Charleston, 8. C. Denver, Colo. E] Paso, Tex. 
q 
Z\e 2 Zia = = 2 = = Z\2 = = 
26 7.7 | —48.9 | 19 6.9 | —51.8 | 15 84) —55.5 | 16 | 3 6.7 | —31.3 1 6.4 —27.0 
19 9.4 | —57.3 | 18 9.6 | —59.3 6 9.0 | —57.2} 29; 93) —52.8 2 7.1 —29.0 7.5 | —32.3 | 24 9.1 | —49.9 14 8.5 —41.0 
9/105 | —60.8 1| 10.5 | —62.0 3 9.7 | —55.7 | 17 | 10.4 | —56.5 | 15 9.1 | —39.7 | 17 9.9 | —48.2 25 | 10.5 | —55.8 | 20 10.3 —52.8 
1 | 12.2 | —67.0 5 | 10.7 | —54.8 | 11.0) —51.4 | 21 | 11.4] —55.1 7 | 11.6) —60.7/) 10 | 11.4 —57.0 
4) 11.2! —53.0 7 | 13.1 | —65.3 | 16 | 128 | —63.2 2); 120) —58.0;} 6/125 —6L7 
4/122) —56.8 13.8 | —65.2 5 | 13.6 | —65.4 4/12.7 | —60.2 7} 13.8 —67.4 
5 | 127 —55.4 7} 15.0) —71.6 5 | 14.8 | —70.2 14.0 | —62.0 4} 14.6 —68.8 
1 | 13.0) —54.0) 13.3 | —56.0 10 | 15.4} —71.3 | 15.4) —69.3) 5 | 14.4) —62.2| 15.5 —72.8 
‘ttt 3) 14.1 | —55.0 16.2) —73.2 2) 15.6 | —68.0 2 15.6 | —70.0 6| 15.8 —71.0 
400-409. . 4) 15.3! —56.5 3) 16.8 | —68.3 4) 16.9 | —69.8 2) 16.2) —65.5 3 16.4 —67.7 
Weighted means- .---| 86) 80} —524/....| 84) —55.2 10.1 | —51.9 129 | —58.9 12.5 | —58.8 10.8 | —54.9 12.1 —57.9 
Mean potential 
temperature ° A. 
(weighted) ___.___- 312.0 309.6 305.4 328.8 353.3 349.1 331.6 344.4 
Number days with 
observations - 29 23 16 31 26 29 27 
Gomes... 72 Ely, Nev. Fairbanks, Alaska Great Falls, Mont. Joliet, Il. Ketchikan, Alaska Lakehurst, N. J. Medford, Oreg. 
= 2 Zz \2 2 = zis = = 
290-299 1 7.9 | —53.0 6 6.9 | —50.0 3 7.3 | —49.0 1 6.4 | —39.0 3 i 1 5.6) —32.0 
300-309 7.8 | —46.1 17 8.3 | —52.6 9 7.9 | —46.9 5 8&2 | —48.2 ll 7.3 | —43.9 6 7.2 | —40.0 4 7.2| —39.5 
._ See 13 8.3 | —43.2 ll 9.1) —54.6 15 9.7 | —56.9 19 9.1 | —49.6 19 9.4) —55.4 13 8.7 | —45.2 13 8.6 —45.2 
 - ae 24 10.8 | —57.2 1 9.4 | —50.0 14 10.8 | —59.4 25 10.5 | —57.2 10 10.4 | —58.8 15 10.3 | —54.3 25 10.8 —58.2 
ae 12 11.7 | —61.4 |__.__- Sa een 2 11.2 | —59.0 ~ 11.4 | —60.1 i 11.9 | —67.0 12 11.5 | —50.5 10 11.5 —59.1 
gy __ ee 2 12.6 | —64.0 1 11.9 | —61.0 2 11.9 | —50.5 2 12.4 | —65.0 1 12.4 | —64.0 5 12.4 | —62.2 3 12.7 —64.0 
 . , ae 3 ih | ae See eee 2 13.0 | —52.0 3 14.3 | —63.7 1 13.3 | —55.0 3 14.1 | —62.3 2 14.3 —62.0 
6 4 1 —61.2 3 15.1 | —@4.7 OR 5| 15.0 —64.2 
10 2. 15.2 | —60.2 2 13.7 | —47.5 1 16.2 | —67.0 3 15.9 —67.7 
Weighted 11.6 | —56.8 |__.._- 8.4) —52.9 10.5 | —56.0 11.0 | —56.1 9.3 | —52.4 10.5 | —53.5 11.2 — 56.3 
potential 
ture °A__ 341.1 307.1 328.7 335.0 318.5 330.1 336. 7 
ghted)_..___- 
Number days with 
observations --._- 30 18 26 30 21 26 2B 
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December 1940, classified according to the 


potential temperatures (10° i between 2. .) with which they are identified (based on radiosonde observations) —Continued 
a re Miami, Fla. Nashville, Tenn. Nome, Alaska Oakland, Calif Oklahoma City, Okla. Omaha, Nebr. Phoenix, Ariz. 
14 8.3 | —54.9 5 7.1) —38.2 1 7.4 | —40.0 5 7.0 | —38.2 1 7.2| —36.0 
2 7.2 | —26.5 8 9.2 | —49.9 14 8.9 | —56.0 7 8.6 | —45.1 7 8.6 | —45.3 21 8.9 | —46.1 5 7.9| —39.2 
6 9.1 | —39.2 23 10.2) —52.9 3 9.4 | —53.3 22) 10.4) —54.7 10.3) —54.9 2 | 10.4) —55.0 17| 10.0) —48.4 
11.5 | —56.0 12} 11.6 | —60.2 2) 10.0| —50.0 12} 11.4] —57.3 10} 11.6] —59.0 11.0] —55.7 13} 11.3] —55.2 
13 | 12.9 | —63.5 1 13,1 | —69.0 2) 12.6] —63.0 4 12.5 | —61.8 12.5 —58.3 
10 | 14.0) —68.0 2| 13.2) —63.0 1 11.4 | —51.0 13.6) —66.0 4) 13.4) —66.5 2) 127] —88.0 
12} 15.3 | —75.9 144] —65.5 1| 12.4] —59.0 3] 13.5 | —61.7 143] —65.0 1| 141] —65.0 6| 145| —68.8 
370-379... 3} 15.8| —77.3 146] 2| 17.7 | —73.5 5| 15.0 | —68.6 2| 148] —68.5 6| 15.5| —71.3 
7| 16.4) —76.3 15.3 | —65.0 2] 15.6) —70.5 147) —60.5 4] 15.9] 
3| 16.6) —72.7 6| 15.7 | —63.0 16.2) —70.0 15.1 | —50.2 2| —72.0 
4] 17.2) —72.5 y 5| 16.2) —64.8 2) 16.1) —64.5 4| 15.8] —61.5 2] 17.0] —720 
Weighted means___|------ 13.3 | —63.4 12.0 | —58.9 8.2) —52.2 11.8 | —56.7 |...... 11.6 | —57.9 10.8 | —53.1 12.1 ~657.1 
Mean potential 
temperature °A 352.2 344.1 308.1 343.2 338.3 336.7 345.1 
Number days with 
observations... __ 23 29 26 29 24 26 24 
Late 
Portland, Maine San Diego, Calif Seattle, Wash. Atiantie Station No. 1 
Barrow, Alaska 
PST 1l 9 6.9 —39.2 9 8.3 —651.3 1 7.6 —45.0 23 8.2 —52.6 
21 —480 2 8.6} —42.0 18 9.6) —56.1 14 9.1 —51.4 8 8.9 —44.9 19 9.4 —57.2 
22; 1.2| 10; 10.2} —53.3 12; 10.4 —58.0 20; 10.4 —55. 2 12; 10.2) —853.1 12; 10.7 —61.7 
10; 11.4] —60.5 il 11.1 —55.7 1 10.9 | 11.5] —50.8 10} 117 —60.7 2; 11,2 —50.5 
2 11,4 —55.0 3 12.1 —56.7 3 11.4 —56.0 1 12.0 — 58.0 3 12.8 —65. 7 2 11.2 —55,0 
1 1 12.0 | —57.0 3; 12.8 —60.3 1 1.6 —55.0 
370-379 3 14.7 —65. 0 1 14.6 —64.0 2 13.0 —53.5 1 13. 4 — 57.0 3 14.1 
2) 142) —657.5 1 15.5; —65.0 4 14.0; —67.8 |....-... 15.4 
Dbsb boa dhdecvbbicedctiene 1 15.3 —58.0 1 17.2 —72.0 15.1 —57.2 2 15.4 — 58.5 2 16.6 —66. 0 1 14.6 —53.0 
10.0 j.....-. —65.7 |...-..- 9.8 —6§&2.3 |....... 10.2 —54. 4 }....... 12.0 —57.9 |.....-- —5.8 
Mean potential temperature 
°A. (weighted)_.__..__...__- 327.2 337.8 325.7 325.5 343.9 312.4 
Number days with observa- 
26 20 23 30 17 29 


Information contained in footnotes to Table 1 are also applicable to Table 4. 


AEROLOGICAL OBSERVATIONS FOR THE YEAR 1940 
By C. THom 


At the end of 1940, radiosonde observations were being 
made at 26 Weather Bureau stations and at 5 Navy 
stations, while 3 other Navy stations were using airplanes 
to record upper-air conditions. At the end of the previous 
we radiosonde observations were being made at 25 

eather Bureau stations, 3 Navy stations and 1 Army 
station, while 6 Navy stations were making airplane ob- 
servations. Changes were made in the location of several 
Weather Bureau radiosonde stations in the United States 
and several new stations were established in Alaska dur- 
ing the latter months of the year. The stations at which 
upper air observations were made during each month 
of the year are shown in Table 4 which tabulates the 
number of observations made at the various stations. 

Valuable upper air data were obtained during the 1940 
hurricane season from radiosonde observations made at 


291763—41——3 


San Juan, Puerto Rico as well as from special observa- 
tions made at several of the regular radiosonde stations. 
Upper air data were also obtained in the ocean area 
between 40° to 52° N. latitude and 47° to 55° W. longi- 
tude from radiosonde observations made by United States 
Coast Guard Cutters while on ice patrol duty. 

Radiosonde observations were begun in May as part of 
a regular weather reporting service established on board 
Coast Guard Cutters in the Atlantic Ocean in areas, 
termed Atlantic Stations No. 1 and No. 2. For the 
location of these stations the reader is referred to the 
footnote of table 4. 

Monthly mean values of temperature, pressure, and rela- 
tive humidity for all the standard levels of the free air 
have been published each month as Table 1 under Aero- 
logical Observations in the Monraity WearuHer Review. 

able 1 for the year 1940, tabulates annual mean pres- 
sures, temperatures, and relative humidities for all sta- 
tions for which such data were available during the entire 
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year as well as for Juneau where such observations were 


not made during the months of July and August. The 
annual mean values shown in Table 1 are computed by 
averaging the corresponding mean monthly values so 
that data for all months are given the same weight. The 
reader may find the number of observations for each 
month and level by referring to the previously published 
monthly tables. 

Annual mean values for both 1939 and 1940 are avail- 
able for twelve stations in the United States. These 
stations are shown in the annual table No. 1 for each of 
these 2 years and are as follows: El Paso, Tex., Lake- 
hurst, N. J., Nashville, Tenn., Norfolk, Va., Oakland, 
Calif., Oklahoma City, Okla., Omaha, Nebr., Pensacola, 
Fla., San Diego, Calif., Sault Ste. Marie, Mich., Seattle, 
Wash., and Washington, D. C. 

Based on the available annual mean values it is found 
that temperatures at standard levels from the surface to 
2,000 meters, inclusive, were higher in 1940 than in 1939 
over the southwestern part of the United States and were 
generally lower than last year over the eastern half of the 
country at these levels. At standard levels, from 3,000 
meters to 9,000 meters, 1940 temperatures were generally 
lower than last year. 

At most stations the annual mean relative humidities 
at all levels were several percent higher than last year. 
In this connection it is noted that precipitation for the 
country as a whole was considerably below normal in 
1939 and somewhat above normal in 1940. 

At levels 3,000 meters and lower the annual mean pres- 
sures were either the same or lower in 1940 than in 1939 
at nine of the stations for which data are available. At 
Seattle, where the greatest decrease was noted, the annual 
mean pressure averaged nearly 3 millibars lower than 
last year at these levels. At three stations, Sault Ste. 
Marie, Omaha, and Oklahoma City the corresponding 
annual mean pressures averaged about 1% millibars higher 
than in 1939. 

At the end of 1940, observations were being made 4 
times daily at nearly all of the 132 Weather Bureau 
pilot-balloon stations. Of these stations 123 were in the 
United States proper, 7 in Alaska, 1 in Puerto Rico and 1 
in Swan Island. This represented an addition in the 
number of pilot-balloon stations since the end of 1939 of 
25 stations in the United States, 3 in Alaska and 1 in 
Swan Island. Pilot-balloon work was moved from Elmira, 
N. Y., to Binghamton, N. Y., during the year. All 
pilot-balloon stations were using helium gas for inflation 
at the end of the year. 

To extend still further the Weather Bureau investiga- 
tions of winds at higher levels of the free air, more stations 
were equipped during the year with the larger 100-gram 
balloons for use in making the 5 p. m. (e. s. t.) observations. 
‘The higher ascensional rate of these ballons is resulting 
in observations of wind conditions at much higher levels 
than formally The number of stations using the 100- 
gram balloons was 12 at the end of 1938, 27 at the end of 
1939 and 41 at the end of 1940. 

All Weather Bureau pilot-balloon data which were 
reduced to punch card form by the W. P. A. Weather 
Project at New Orleans during 1939 were tabulated and 
summarized by the project during 1940. About 14 mil- 
lion regular hourly surface airway observations were 
coded and reduced to punch cards by the project in 1940 
and in addition charts and tables showing summaries of 
pilot-balloon and surface airway observations were pre- 


MONTHLY WEATHER REVIEW 


DecEMBER 1940 


pared in final form and the printing of the “ Meteorological] 
Atlas of the Airways” was begun. 

During the first 8 months of the year the minimum 
free-air temperatures published were those selected from 
the temperatures recorded only at ‘standard’ levels, 
while during the remainder of the year minimum temper- 
atures for the month were selected from the lowest 
temperature recorded over each station at any level. 
The lowest published free-air temperature over the United 
States, —84.2° C. (—119.6° F.) was observed at 16,400 
meters (m. s. 1.) over Miami, Fla., on November 30. 
A lower temperature, —92.6° C. (—134.5° F.) was, 
however, observed over Swan Island at 17,800 meters 
on December 28. The corresponding minimum temper- 
atures recorded in 1939 were —80.6° C. over Atlanta, 
Ga., for the United States, and —85.1° C. over Swan 
Island. 

Monthly resultant wind directions and velocities have 
been computed for the 1,500- and 3,000-meter levels from 
the 5 a. m. (e. s. t.) observations for all stations and have 
been shown each month in the Monruity WEratHER 
Review on charts VIII and IX. Similar 5 p. m. resultants 
have been computed for the 5,000- and 10,000-meter 
levels and shown on charts X and XI. Monthly resultants 
(5 p. m., e. s. t.) have also been computed for all levels 
at 39 selected stations. These resultants have been 
published regularly in the Review as table 2 of the 
Aerological Summary. The list of stations furnishing 
data for table 2 was revised, early in the year 1940, to 
conform as closely as practicable with the radiosonde 
stations then in operation. 

The 1940 annual 5 p. m. resultants are shown in table 2 
for the selected list of stations. At most of the standard 
levels below 5,000 meters stations located in the western 
third of the country had annual resultant directions this 
year considerably to the southward of the corresponding 
1939 resultants and somewhat to the southward of normal 
while the opposite was true for these levels at most stations 
tothe eastward. At the 2,000- and 2,500-meters levels the 
1940 annual resultant velocities were higher than the 
corresponding 1939 values over the southwest and along 
the upper Pacific coast and were generally lower than the 
previous year at these levels for other stations. 

In the southwestern part of the United States where 
annual resultant wind velocities were higher in 1940 than 
in 1939 and where the turning of the annual resultant 
winds was to the north of normal in 1939 and to the south 
of normal in 1940, the annual precipitation for this area 
was below normal in 1939 (California 67 percent of normal, 
Arizona 93 percent of normal) while precipitation was 
much above normal in 1940 (California 156 percent of 
normal, Arizona 124 percent of normal). 

Table 3 shows the maximum free-air wind velocities 
and their directions for various sections of the United 
States during the year 1940, as determined by pilot 
balloon observations. The extreme velocity for the year 
98.4 meters per second (220 miles per hour). This 
velocity was 2.9 meters per second higher than the cor- 
responding extreme of 1939. In both 1939 and 1940 
the extreme wind velocity for the year occurred above 
5,000 meters (m. s.1.). During the years 1939 and 1940 
at levels lower than 2,500 meters the extreme wind 
velocity was 57.5 meters per second while for the same 
period at levels between 2,500 meters and 5,000 meters 
this extreme was 67.4 meters per second. When the maxi- 
mum wind velocities for the nine sections of the country 


( 
* 
if! 


DecemBER 1940 


are averaged by each of the four seasons of 1940 it is 
found that winter is the season of highest wind velocities 
at all levels, and that at levels above 2,500 meters 
Autumn has the next highest winds, while Summer is the 
season of lowest maximum wind velocities at all levels. 


Table 4 gives a tabulation by months of the altitude of 
the level at which a mean temperature of 0° C. was 
observed at all stations making either airplane or radio- 
sonde observations. The level of mean freezing tem- 
perature was the highest in July when it was observed 
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at a minimum elevation of 2,900 meters over Sault Ste. 
Marie and sloped upward to a maximum of 5,300 meters 
over Phoenix. The level of freezing during the month 
of July 1940 was 800 meters lower over Sault Ste. Marie 
than during the same month of 1939 and was 300 meters 
lower over San Antonio. 

More detailed comparison of upper-air conditions 
during the year, of 1939 and 1940 can be made by reference 
to the 1939 Annual Summary of Aerological Observations 
which was published in hs Maeate EATHER REVIEW 
for December 1939. 


TaBLE 1.— Mean free-air barometric pressure in millibare, temperature in degrees centigrade, and relative humidities in percent, obtained by 
airplanes and radiosondes during year 1940 


Stations and elevations in meters above sea level 


Bismarck, N. Dak. | Charleston, 8. C. Denver, Colo. El Paso, Tex. Ely, Nev. Joliet, Il. Juneau, Alaska 
(505 meters) (14 meters) (1,616 meters) (1,194 meters) (1,908 meters) (178 meters) j (49 meters) 
957) 3.3) 79 346)1, 016 14.0) 86) 346) 838) 6.8) 70) 338) 882) 15.6) 46) 346) 810) 5.6) 60) 332) 996) 6.2) 84) 276) 1,007) 5.5) 74 
348) 5.8] 69} 345) 904) 12.9) < 901} 5.8| 71/274) 895) -0.2| 76 
348| 847} 4.6] 345) 852) 10.5) --.-| 388) 851) 16.7) ----| 381} 847} 4.0} 70) 271 841| —2.7/ 78 
348) 796} 2.6) 64) 345) 802, 8.3) 59) 345 9.0} 338} 13.8) 42) 801) 7.5) 56) 330) 796) 1.8| 68) 260, 789) —5.3| 78 
348| 749) 0.3, 62) 345) 755, 6.0) 57, 345) 753) 6.4) 58) 338| 756) 10.6) 42) 346) 754) 7.0) 51| —0.4) —7.9| 77 
348 703] —2.3/ 61) 345) 710, 3.5) 54) 345) 708) 3.3) 57) 338) 711) 7.1) 44) 346] 709, 3.7) 51) 328) 703| —2.8 | 247} 693|—10.8| 74 
346, 619) —8.2) 58} 342; 627| —1.6| 48) 344) 624) —3.5) 60) 335) 0.0) 45} 344) 626) —3.2) 50) 325) 619) —8.1| 238) 608|-16.8| 68 
345| 544/-14.6| 55) 342) 552) —7.4) 45) 338) 61) 335) 554 —6.9| 46) 342) 551|—10.3| 50| 325| 54| 532|—23.5| 65 
339 476/—21.4) 53) 339) 485|—13.6| 43) 334) 482/—17.1| 58} 332) 487|—-13.6| 43| 483/—17.4) 49) 475|—20.9] 51| 212) 
414|—28.8| 338, 425 —20.4) 42) 331] 421/—24.3) 56| 328| 426\—20.5| 40] 339) 422/-247| 312) 414/—28.1| 49) 
320} 334) 370|—27.8) 41/328) 367|—31.7| 54) 372\—-27.9| 39) 336) 367|—32.3| 44) 303) 360)—35. 4 185| 346|—44. 
309} 329) 324) 323) 322|—35. 4). 330} 289) 311|—42. | 169 207|~50. 6 
324) 317] 319] 280/42. 324) 274-47. 2). 274) 268|—48. 9 8) 
285) 315) 302} 235|—52.6) 314) 240|—49. 319 235|—53.4|_..| 143| ~53. 
272) 304) 176|—59. 2)... 300) 226) 167\—57. 8)... 122} 
239) 284) 251] 296] 293 146|—60. 0) | 109} 137|—50. 
209) 265) 229) 284) 127|—65.7|....| 285] 124\—61.5 104) 121/—80. 
186} 252) 208] 106|—62. 2) 274| 260) 171} 
Stations and elevations in meters above sea level 
Lakehurst, N. J.! Medford, Oreg. Nashville, Tenn. Norfolk, Va.' ! j Oakland, Calif. Oklahoma City, Okla. Omaha, Nebr. 
(39 m.) (401 m.) (180 m.) (3 m.) (2 m.) (391 m.) (301 m.) 
Altitude ¥ | | ls re le 
(meters) | 4 14. | e |4. e 14. |e |ela 
gs | 38 is | 3 é s le |58| | © 8) | 
0121 6.8| 330 968] 12.3) 69] 345, 996) 11.6) 78 2821, 019, 11.7} 346/1, 016 13. 2 342 971| 12.0) 75) 348} 982) 75 
956) 7.0) 70} 330 957) 126) 67) 345) 121) 73) 282) 961) 11.4) 65) 958 13.1) 74) 342) 958) 127) 72) 348) 958) 8.7) 70 
363 5.8) 67| 330) 901) 31.5) 61) 345 903) 10.1) 71) 281) 905) 8.9) 61) | 902} 13.5) 58, 342 12.3) 348, 902) 81) 65 
362) 846 3.3) 330) 849! 88) 345) 850} 80) 278) 852) 59) 345) 850) 11.7; 51) 342) 851| 10.7) 59 849) 6.6) 62 
362 61| 330, 799) 62) 800) 67, 276, 4.3) 54) 345, 800, 9.2) 46) 341) S01) 8.8) 55) 346, 798) 4.7) 60 
361; 747| —0.6| 57) 330) 751) 3.5) 59) 345) 752) 3.7 63 49) 345) 753) 6.4) 42) 341) 754) 6.3) 52) 346) 751) 23) 58 
350) 702) 330, 706) 0.8) 55| 342) 7071.3) 60 276| 708 46] 345, 708} 3.5) 340; 709, 3.5) 51) 345| 706) —0.3| 56 
353| —7.9| 326) —5.3| 50} 624) —4.0) 56| 269) 624) —6.0) 40) 344) 626) 37| 335! 626, —-26, 50) 344] 622 —6.1) 55 
5,000... 342 542\—13.7| 49) 548\—11.6| 333) 549) —9.9) 52) 198) 549\—11.7) 36) 343) 551) —9.1) 36) —9.0) 47) 341) 52 
474/—20.2) 48| 319) 480/—18.4) 44) 330) 482\—16.2) 342) 483/—16.0, 36| 330) 484/—15.8) 44) 49 
340| 414/—27.2) 49) 315, 419|—25.8| 43, 329, 421/—23.1| 341| 35) 326 423/229) 42, 331) 418|—25.8) 47 
336| 308| 325) 366/—30.4) |....| 340) 368|—31.1) 85) 324) 368)—30.5| 41, 320) —33.3 
322) 289) 271/48. 3) 335| 275|—46. 7| 307| 319) 271|—47.6 
230/—52. 2! +232'—54. 0) 302} 329; 236/—53.2 300) 236) —52. 3)... __| 232|—52. 9| 
258] 198 —57. a. 322! 201/—57.6 287| 202|—57. 0. 305} 199|—55.9 
245) 169|—59.0)_. 201) 172|—58.9).__ --|----| 820) 276) 172|—€0. 2| 290, 170|—57. 
-| 268) 144\—59.1). 144|—59. 276) 147/61. 1 .| 815] 256) 146/62. 268) 145|—58. 
122|—59.8|....| 215, 123|—60.4)_. 262} 125|—62. 302} 235) 246) 123/60. 1) 
- 104 —60. 4) 196} 105|—61. 1 245; 106|—63. 8)... 236) 210) 106, —66. 228} 105|—60.7 
178| 89'—60.0)- 89/—61.0 |...-| 258, 90/—63.0)....| 186, 183 90} —60. 
Sess | oer: 186}  77|—63.3 --|- 204|  76|—62. 0) | 151] 76|—60.2 


See footnotes at end of table. 
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270°)—Velocities in meters per second 


. m. (75th meridian time) during the year 1940. 


At some stations data were missing during 1 or 2 months at higher levels. Data were 


near 5 
180°, 


not published for any level where observations were missing for 2 months in the same 


season. 
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airplanes and radiosondes during year 1940—Continued 


degrees from North (N=360°, E=90°, 


given in 


— Mean free-air barometric pressure 
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Nore.—All data are based on observations during 12 months except at Juneau, for 


which only 10 months data were available. 


2 Airplane observations. 
3 Raobs and Apobs. 


1 Navy stations. 


TABLE 2.—Free-air resultant winds based on pilot balloon observations made 


| | | | | 

| BERRANS | | | | | 

AWPOPA | ||} AYOOPA | 

| | | | | | 

AYOOPA | | AWOPA | 
| S | Ayoopa | S i iit} 

| | suopeasego | | 

| | Aypopa | | 


va) 
15 

16, 
17, 

= = 
Albu- 
ae Abilene, Atlan’ Billi Bismarck Bo! Browns- Buffalo, Burling- Charles- Chicago, Cincin- Denver, 
Tex. | Ga.” | “Mont” | Dak | Idaho. | ville, Tex.| | ton, Vi. | ton,8.0.| | nati, Ohio| Colo. 
(537 m.) | (1630) | (299m.) | (4,095m.) | 612m.) |; (870m) (7 (200m.) | (132m.) | (92m.) | (57m) | (1,627 m.) 
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TABLE 2.—Free-air resuliant winds based on 
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balloon observations made near 5 p. m. (75 meridian time) during the year 1940. Directions 


pilot 
given in degrees from North (N=360°, E=90°, S=180°, W=279°)—Velocities in meters per second—Continued 


New York Oklahoma | Omaha, Phoenix, | RapidjCity,| St. Louis, | San Anto- | San Diego, Spokane, | Washing- 
N.Y. "| Calif.’ | City, Okla.| Nebr. Ariz.’ | §8.Dak. | Mo. | nio, Tex. Wash.” | ton, D.©. 
(15 m.) (8 m.) (402 m.) (306 m.) (344 m.) (982 m.) (181 m.) (183 m.) (15 m.) (603 m.) (10 m.) 
2 3 4 2 2 
me a 
mel ||. Sle Sie Sig Sig 3 Sig 
Cy 

> ISI Als Rall cd Rall 
Surface.._..|337 249| 0. 6/339] 1.51355] 287] 0. 2/364) 248| 0.91345) 0/338] 259| 1.0/358| 117) 1. 2/346) 281| 3.6 330 216) 1.81341) 287] 1.3 
335 274| 2 3/339] 169| 1. 9/355| 278) 0. 3)364| 1.2) 2. 1/358) 118) 1. 7/346) 288) 2.7 |....|-.- {941} 282) 2.7 
1,000... |306 263| 1. 9|337| 197| 2. 3/332] 260| 1. 4/364) 238] 1. 5/345] 1| 2 1/316) 255] 3.0/346| 146) 1. 1/323) 274) 1.3 330| 212} 2 51320] 276) 4.5 
2380 250| 2.0|325| 230| 3.0|308) 261| 3. 2|362| 1.8/344| 321| 2 8/293) 265| 4 3/323] 200| 1. 1307) 267| 0.8 318| 224) 3. 5/202) 283) 6.8 
2,000. . ..--.|221 246 2. 1/314) 252) 4. 2}283) 268) 5.0/358) 229) 2. 3/321 302) 3.6/274) 275 5. 5/300) 252 2. 0/204) 255) 1. 5)_- | 204! 230) 4. 3}261) 285 | 8.3 
2.500... 246| 2. 4/206; 267) 5. 3/270) 281) 6. 242) 2. 5|306) 205) 5.2)250) 287 6. 6/279) 264 3. 1/281) 250) 1.9). |247| 240) 4. 9/241 287) 9.9 
3,000. ..-.-- wrr 251| 2. 9|285| 275| 6. 6|260| 287| 7.8|349| 255| 3.0/295| 7. 2|217| 280| 7.4|266| 277| 4. 2/261) 222| 246| 5. 8/216) 287|10.8 
4,000... ae 256) 4. 41255) 284) 8. 5|229) 207|10.6)317| 3. 3/254) 204) 9. 6. 21254) 254) 255| 8. 2,164) 288,12. 3 
259| 5. 6/230) 203|10. 4/200 208/13. 1/283] 275! 4. 2/223) 201/11. 5|__ 286] 7. 6/215) 255| 4.8) 
6,000....... 205/12. 5173} 301/14. 6/230| 277) 286 9. 7/161) 261) 5. 


TABLE 3.— Mazimum free air wind velocities (m. p. 


8.), for different sections of the United States based on pilot balloon observations 


during year 1940 
Surface to 2,500 meters (m. 8. 1.) Between 2,500 and 5,000 meters (m. s. 1.) Above 5,000 meters (m. 8. 1.) 
Direc | oa Direc | ou Direc | ov 
a < jal a < a = 
Northeast WSW_./2, 100] 12) Nov. | Buffalo, N. Y___. __/62.4) WNW _|3, 610) 22) Nov. | Binghamton, N.Y.| 70.4) | 5,870) 18) Dec. | Caribou, Maine. 
East Central ?___/48.8| NW____|2, 240] 10] Mar. | Washington, D. C_.|63.9| NW___.|5,000) 14) Feb. | Greensboro, N. C_| 97.8) 28) Nov. | Greensboro, N. ©. 
Southeast ?_..... 43.0] WNW .|I1, 14) Feb. | Charleston, §. C__._|55. 6) SW _._/5,000) 14) Nov. | Atlanta, Ga.______| 86.0) 6, 
y__| 9, 830) 21| Feb. api ty, 8. 
North Central ¢__|47.5) NW-....|2,150| 6) Dec. | Rapid City, 8. Dak.|51.4) SW .._./4,600) 6) July | Alpena, Mich._... 7. 730| 22) Mar. | Fargo, Dake, 
Central §._.______ W______|2, 260} 12) Nov. | Moline, NW__../4, 960) 25) Feb. | Moline, 74.0} W___._._/11, 580) 27) Nov. | Wichita, Kans. 
South Central ¢__/41.2) NNW .|2,470) May City, (65.8) NNW__|4,390) 27) Dec. | Abilene, Tex____- WNW. -|21, 230) Sept. | San Antonio, Tex. 
Northwest W...... 1,972; 6| May Pocatello, Idaho..__|55.8| Dec. | Havre, Mont... 80. 0) WNW... 0,380 2i| Feb. | Billings, Mont. 
West Central*___|43.8) 3] Nov. | Modena, 61.8) WNW 330) 6) July | Casper, Wyo..___- 98. 4) N____._.|11, 120) 22) Nov. | Winnemucca, Nev. 
Southwest 57.5| NW-_-_../2, 278} 25} Dec. | Roswell, N. WNW 000) 11) Nov. N. NNW 7, Jan. ~ N. 
ex. Mex. 


1 Maine, Vermont, New Hampshire, Massachusetts, Rhode Island, Connecticut, New 
York, New Jersey, Pennsylvania, and northern Ohio. 
3 Delaware, Maryland, Virginia, West Virginia, southern Ohio, Kentucky, eastern 


Tennessee, and North Carolina. 


3 South Carolina, Georgia, Florida, and Alabama. 
4 Michigan, Wisconsin, Minnesota, North Dakota, and South Dakota. 
5 Indiana, Illinois, lowa, Nebraska, Kansas, and Missouri. 


¢ Mississippi, Arkansas, Louisiana, Oklahoma, Texas (except extreme west Texas), 
and western Tennessee. 
7 Montana, Idaho, Washington, and Oregon. 


Wyoming 
thern 


* Sou 
Texas. 


, Colorado, U 


, northern Nevada, and northern California. 
California, southern Nevada, Arizona, New Mexico, and extreme west 


Pal 
» 
| | | 
| 
q 


860 MONTHLY WEATHER REVIEW DecemBer 1940 
. TaBiE 4.— Monthly mean heights of freezing temperatures (0° C.) during year 1940, from mean monthly values based on Airplane and Radio- 
sonde observations 

January | February| March April May June July August |September; October |November| December 

Bs Bs Bs s2 Bs ae Bs 52 Bs 

Albuquerque, N. 1,620} 31] 2] 24] 32] 30; 35; 30; 42] 48] 18) 40 

Atlantic Station No. 3 30; 42] 22; 43; 2] 42; 2; 30; 2% 29 

Atlantic Station No. | 32! 30) 38] 25| 27) 44) 27] 42] 26] 37] 14] 31 14 26 

Bismarck, N. 505 | 31} @) | 29] @) | 31] @ |] 30] 14] 41] 30] 20] 40] 13] 43] 31 | 44] 29] 42] 31] 8/ @ | 31/ @ 

Charleston, 14] 31] 13} 29] 26] 31] 31] 28] 34] 31] 38| 30] 45] 13] 45] 29} 45] 31] 37] 30] 38) 30] 33 

1,616} 31] @) | 29/420] 31] 27) 30] 30] 31} 38] 28| 46] 13] 48) 29] 47| 28) 45] 31) 30/425] 31 | 424 
_ 1,193} 31] 28} 29] 30] 31] 34] 30] 38] 29] 42] 30| 48] 13] 50] 20} 49] 30] 47) 31] 41] 30] 35] 31] 33 

1,908 | 31] (@) | 29] @ | 29] 2] 30] 30] 31] 40] 30] 46] 13] 49| 31| 48] 29) 40] 30] 35| 30); 31] 

Fairbanks, Alaska... 153] | 2] @) 31) | 2] 15] 32] 18) 29} 25] 13] 28 sact @ 
ks 178} @) | 26] 2B] @ |] 2] 19] 2] 27] 2} 38] 13] 39] 2] 44) 2] 38] 27] 31] 30] 10) 31) 

49] 31 28 PT 24; 13| 24] 2] 30 5 
39} 29/1 @) | 2/ 311] @ | 380] 15] 31] 30] 20] 39] 20] 42] 30] 43] 30] 35} 30] 27] 30} 19/ 14 
Medford, 401} 28] 22] 28] 19] 31] 23] 30} 23] 31] 33] 20] 44] 13] 44] 18] 46] 20] 34] 30] 31] 30] 23] 31 2 
4] 31] 37) 40] 31] 41] 29] 43] 30] 44] 29] 46] 13] 47 47/ 30} 40 

Nashville, Tenn_____-- 180} 31] | 20; 14] 23] 23] 30] 30] 30] 34] 29] 42] 12] 43} 31] 47} 30] 41] 31] 37] 2] 28] 31 27 

Norfolk, 10] 19] @) | 15] 12] 2] 27] 23] 31] 26] 40] 25] 43] 26] 43] 24] 40] 22] 32] 23] 25) 2] 2% 
2] 31] 29] 24] 31] 29] 30! 30] 31] 37] 29] 44] 13] 46] 31] 47] 20] 40! 31! 36] 20] 32} 30) 
Oklahoma City, 391} 30] | 29] 22] 20| 20] 28] 34] 31] 39] 30} 13] 48] 31] 47] 27] 44] 28] 37] 29] 30} 31] 30 
Omaha, .----------} 301} 31] @) | @) | 31] 6] 20] 25] 31] 31] 30} 43] 13] 45| 30| 44} 20} 42] 30] 30] 17] 31] 417 

23] 27/ 2] 2] 30] 34] 27] 38] 31| 40] 30] 44] 30] 47] 22] 45/ 9] 42] 23| 36] 21] 37] 34 
339} 31] 30] 29] 29] 31] 34] 30| 36] 30] 43] 30] 49] 13] 53] 31] 51] 2] 47] 40) 28] 35; 30] 3 

Gen Antonie, 174} 31] 30] 33] 31] 37] 30; 42) 31] 20] 47] 12] | 
19} 29} 29] 28] 33] 20] 42] 26) 47] 30] 47] 12] 49] 11] 45] 31 30] 36] 28 

Sault Ste. Marie, Mich. 221} 31}; @ | @} 311 @] 6} 31] 22] 30] 31] 13] 20] 30} 37] 28] 31) 31] 17} @M] 31) 

Seattle, 22} 2%| 14] 2] 15] 24] 19] 27] 28} 2] 35] 2] 34] 31] 30] 2) 33! 27 2% 16| 31 17 

Spokane, 508 | 31/ @) | 2] 1] 31] 18] 30] 30}; 2] 20; 38] 

Washington 0. 21 @) | 7] 31] 6] 2] 31] 31) 30} 40} 43) 18] 45] 20] 37] 30} 30} 20) 22] 30) @ 


! Surface. 
21n or near the 5° square: Lat. 35°00’ N. to 40°00’ N.; long.: 55°00’ W. to 60°00’ W. 


¥In or near the 5° square: Prior to Nov. 14, 1940, lat. 40°00’ N. to 45°00’ N., long. 
40°00’ W. to 45°00’ W. Subsequent to Nov. 13, 1940, lat. 35°00’ N. to 40°00’ N., long. 


45°00’ W. to 50°00’ W. 
4 Mean monthly temperature at surface was 0° C. or lower, above which was an inver- 


sion with mean temperatures above freezing. 


RIVER STAGES AND FLOODS 


By Bennett SWENSON 


Precipitation during December 1940 was well above 
normal in the Gulf States and from Missouri, Oklahoma, 
and Texas, westward to the Pacific coast. Frequent 
rains, heavy at times, in Mississippi and eastern Texas 
resulted in protracted high-river stages and moderate 
flooding. In eastern Texas this was the second consecu- 
tive month with abnormally heavy precipitation and 
flooding. In California, although the first half of the 
month was dry, excessive rainfall during the latter half 
brought the state average to 9 inches, nearly 2% times 
the normal and the greatest for this month since 1894. 

Atlantic slope drainage.—Moderate to heavy rains for 
4 days, beginning with December 26, over the upper 
Susquehanna Basin, caused rising stages with some 
slight flooding in this area. 

East Gulf of Merico drainage.—Frequent rains over the 
Pearl River basin during the month, being heavy from 


the 12th to the 16th, resulted in flood stages beginning on 
the 16th and continuing into the next month. There 
were two principal rises; Jackson, Miss., cresting at 24.4 
feet on the 23d and at 25.2 feet on the 29th, while Pearl 


5 Data not yet received. 


Airplane observations were received from Pear] Harbor, T. H., throughout the year 
and from Coco Solo and St. Thomas for several months, but the level of average freezing 
was not reached at these stations. 


River, La., reached a stage of 15.0 feet on the 21st and 
after subsiding slightly the stages again rose near the end 
of the month. 

Red Basin.—The Sulphur River was in flood at the 
beginning of the mouth, the crest of the rise being 27.4 
feet on November 29 at Naples, Tex. Two other rises 
occurred during December and stages of 27.1 and 27.4 
feet were reached on December 20 and January 1, respec- 
tively. Losses have been estimated at $6,000. 

West (ulf of Mexico drainage.—Following moderate to 
heavy floods in eastern Texas during November (see pre- 
vious issue of Review) flood stages, or high stages again 
prevailed during December. These were due to frequent 
rains, heavy at times, during the month. 

At Dallas, the Trinity River exceeded flood stage on 
three separate occasions during November and December. 
However, levees protected the city and since there were 
no growing crops at this time of the year the property loss 
was slight. The three crests at Dallas were as follows: 
32.4 feet on November 26, 33.5 feet on December 16, and 
33.2 feet on December 28. 

There were two overflows at Trinidad, Tex., the first 
one extending from November 24 to December 25, with 
a crest stage of 35.6 feet on November 27, and the second 


| 
| 
| 
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extending from December 17 to the second week in 
January with a crest stage of 36.5 feet on December 24. 
No losses have been reported in this area and property 
(mostly livestock) valued at $11,000 was protected by 
removal to higher ground. 

Heavy rains over the upper watershed of the Guadalupe 
River from December 12 to 15 resulted in moderate flood 
conditions from Gonzales, Tex., to below Victoria, Tex., 
from the 13th to the 23d. There was no known damage 
and (mostly livestock) valued at $5,000 was 
saved by warnings. 

Sacramento Basin.—Following a dry period durin 
November and the first half of December, the latter hal 
of December brought excessive precipitation to the 
Central Valley of California. High stages resulted in 
most of the streams of the Sacramento system. 

At Fresno, Catif., in the San Joaquin watershed, the 
total rainfall (5.35 inches), all of which fell in the latter 
half of the month, was the greatest December total of 
record. Despite the heavy amounts of precipitation 
which were concentrated during this period over the basin, 
the stages in the San Joaquin were high but did not reach 
flood stage because of the even distribution of run-off. 

The official in charge, Sacramento, Calif., reports as 
= relative to flood conditions in the Sacramento 

iver: 


During November and the first half of December there was one 
of the longest rainless periods of record for the season. On Decem- 
ber 17, however, began a series of storms, recurring at frequent 
intervals during the remainder of the month. During this period 
recurring flood waves developed over the upper Sacramento Valley. 
The first one, occurring on the 18th, was of moderate intensity, but 
it filled the river channels and covered some bypass lands in advance 
of the main flood conditions which began to form on the 23d. 

Remarkably heavy rainfall amounts were reported over the 
northern Sacramento River drainage area on the morning of the 
18th, the 24-hour amounts at Kennett and Vollmers, in the canyon 
of the Sacramento River, being 5.70 and 8.10 inches, respectively. 
With incessant rains continuing, river stages in the Sacramento 
River during the next several days steadily increased until the ac- 
tual flood stage of 23 feet at Red Bluff, Calif., was exceeded on 
December 24, with a crest of 24.8 feet. Timely warnings were 
issued well in advance of the first major rise and it is believed was an 
important factor in preventing losses to stockmen and others having 
property in the low lands in Tehama County and along the river 
southward throughout all the areas subject to overflow. 

On the morning of the 25th, the river at Knights Landing, 
Calif., aided by a moderate rise in the Feather River, had reached 
the danger stage of 30 feet, whence it continued to rise to a crest of 
31.4 feet on the 28th. In that vicinity the Fremont Weir began 
to discharge heavily into Yolo bypass on the 25th, reaching a 
maximum overflow depth of 3.7 feet on the 28th. As a result of 
this overflow, together with heavy local drainage, particularly that 
of Cache and Putah Creeks, the flooding of the so-called tidal 
reclamation districts in the Yolo bypass occurred. These were: 
Little Holland tract, comprising about 2,700 acres of mostly grain 
land, flooded late on the evening of the 25th; Prospect Island 
containing about 2,500 acres, flooded on the morning of the 26th; 
and Liberty Island with about 5,000 acres, inundated early a. m. 
on the 27th. The Lisbon river gage in the Yolo bypass read 17.5 
feet at 7 a. m., 26th, and at 4 p. m. it was 18.0 feet. The Liberty 
Island gage was 14.2 feet at 1 a. m., 27th. 

Additional excessive rains occurred during the night of the 26th— 
27th, causing a secondary rise to begin in the upper courses of the 
Sacramento River and its tributaries. This rise was more pro- 
nounced in the Feather-Yuba and American Rivers, which streams, 
especially the latter, began to rise rapidly for the first time this 
season. In the upper Sacramento River the crest at Red Bluff 
was 23.9 feet on the 27th. By 5 p.m. of the 27th, the rapidly rising 
American River necessitated the closing of the gates to the flood- 
control levee on Highway 40 at North Sacramento. 


Shortly after midnight of the 27th-28th, 3 of the 48 gates of t he 
Sacramento Weir broke loose, permitting a flow of about 4,500 
second feet into the Sacramento bypass. This additional diversion 
of water from the main river channel no doubt hastened the cresting 
of the river at Sacramento, which occurred at 4 a, m., December 
28, with a stage of 27.27 feet. 
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At Sacramento the total rainfall during the 15-day period, 
December 16-30, totaled 9.40 inches, which amount not only 
constitutes the greatest 15-day total of record for the station, but 
also is the greatest rainfall for any entire month of December since 
1884; likewise it is the greatest monthly amount for all months of 
the year back to 1911. The total rainfall at Kennett for the 15- 
day period was 31.77 inches. 

As the water was safely confined to the channels in the leveed 
sections along the river, the flooded areas in the valley were limited 
to the lowlands that are normally subject to overflow at moderate 
to high stages. Since these lands were not planted to crops at this 
season of the year, the damage caused by overflow was compara- 
tively small. Livestock had been removed from affected areas to 
higher ground. 

eavier losses, however, were sustained in the Yolo bypass from 
the flooding of Little Holland tract, and particularly Prospect and 
Liberty Islands, which are more intensely cultivated; also con- 
siderable damage was caused to the levees of these islands. 

The aggregate money losses occasioned by the flood have been 
— at $178,500, of which $135,000 constituted the prospective 
crop loss. 


A mild flood occurred in the Eel River on the 24th— 
25th. The crest stage at Fernbridge, Calif., has been 
estimated at 19 feet. Losses from this flood amounting 
to $23,000 have been reported. 


FLOOD-STAGE REPORT FOR DECEMBER 1940 
{All dates in December unless otherwise specified] 


Above flood Crest 
Flood stages—dates res 
River and station stage |—~ 
To— Stage Date 
ATLANTIC SLOPE DRAINAGE 
Feet Feet 
Tioughnioga: Whitney Point, N. Y_- 12 ZB 31 13.9 2B 
Chenango: 
2 31 8.9 20 
2 31 0.6 30 
uehanna: 

12 30 31 12.4 30 
RE 14 29 () 17. 45 30 

James: Columbia, 10 29 12.5 30 
Saluda: Pelzer, 8. C..............--..--- 6 29 29 6.0 2 
> + 12 28 30 12.8 29 
EAST GULF OF MEXICO DRAINAGE 
Bogue Chitto: Franklinton, La----.__- 11 17 17 11.2 17 
Pearl: 
17 28 18.0 30 
12 16 15.0 21 
MISSISSIPPI SYSTEM 
Red Basin 
Little: White Cliffs, Ark.............-. 25 18 18 25.9 18 
et; 12 22 27.3 16 
Ringo Crossing, Tex - - - 18 { 26 (1) a7 5 
6 @) 
Naples, Tex........- 22 18 27 27.1 20 
209; Jan. 6 27.4 Jan. 1 
Lower Mississippi Basin 
Coldwater: Coldwater, Miss. ......._-. 13 15 19 13.7 18 
WEST GULF OF MEXICO DRAINAGE 
Sabine: 
25 () 432.5 1 
Orange, Tex... bu 4 13 22 4.9 17-18 
Neches: 
Rockland (near) Tex..............| gs 
7 14 22 &8 17 
Elm Fork, Trinity: Carrollton, Tex- 7 16 16 7.6 16 
Trinity: 
5 
40 13 13 40.0 13 
24 @) 27.1 16, 17, 18 


See footnotes at end of table. 
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FLOOD-STAGE REPORT FOR DECEMBER 1940—Continued 


Above flood 
River and station stage os 
From—j| To— Stage Date 
B Feet Feet 
TAazos: 
DS 40 3 2 44.1 Nov. 30 
Guadalupe: 
13 14 22.2 13 
Gongales, 20 { 16 29.0 17 
21 14 22 27.4 21 
PACIFIC SLOPE DRAINAGE 
Eel: Fernbridge, Calif.............-.... 18 24 25 19.0 24 
Sacramento Basin 
Sacramento: Red Bluff, 23 { 
Knight’s Landing, Calif_............... 30 25 31 31.4 28 
Columbia Basin 
Long Tom: Monroe, 10 { 


1 Continued at end of month. 

2? Continued from preceding month. 
+ Crest occurred previous month. 

4 Highest stage during the month. 


WEATHER ON THE NORTH ATLANTIC OCEAN 
By H. C. Hunter 


Atmospheric pressure.—For most of the portion of the 
North Atlantic Ocean that is covered by reports received 
the pressure during December 1940 averaged higher 
than normal.. This was notably the case for the south- 
eastern part, where the land station at Lisbon, Portugal, 
shows departure of 8.1 millibars (0.24 inch). For nearly all 
of the southwestern part, however, particularly the north- 
ern Gulf of Mexico, pressure averaged less than normal. 

The first half of the month was marked by somewhat 
higher pressure than the second half over substantially 
all the North Altantic areas studied. 

The pressure extremes found in available vessel reports 
were 1043.7 and 984.1 millibars (30.82 and 29.06 inches). 
The high mark was noted during the forenoon of the 
5th by the Portuguese steamship San Miguel, near 38° N., 
35° W. In a not very distant part of the ocean, 39° N., 
45° W., the lowest reading was taken at 2 p. m. of the 
26th on the U.S. S. Tuscaloosa. The latter reading was 
unusually low for this portion of the North Atlantic, 
which is not remote from the normal location of the 
Azores HIGH. 

TABLE 1.—Averages, departures, and extremes of atmospheric pressure 


(sea level) at selected stations for the North Atlantic Ocean and its 
shores, December 1940 


Depar- 
Average 
Station ture from; Highest | Date| Lowest | Date 
pressure ormal 
Millibers | Millibars | Millibars Millibars 
Lisbon, Portugal -_--._.__....._-- 1, 027.7 +8.1 1, 035 | 5, 28 1, 010 21 
Mores, +1.6 1, 041 5 1, 000 25 
Belle Isle, Newfoundland__-___- 1, 007.5 +0.4 1, 030 5 989 2 
Halifax, Nova Scotia____.....-- 1,017.6 +3.4 1, 035 19 1, 001 29 
Nantucket 1, 019.0 +14 1, 037 19 998 29 
1, 020.3 0.0 1, 033 18 999 29 
| 1, 016.5 —0.4 1, 020 {18,19 1,011 | 26,27 
AL... 1, 016.3 —2.3 1, 025 4 1, 000 26 
New Orleans... 1, 017.6 —2.7 1, 030 17 989 26 


Nore.—All data based on available observations, departures compiled from best 
available normals related to tims of observation, except Hatteras, Key , Nantucket, 


' gud New Orleans, which are 24-hour corrected means. 
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A few hours after the Tuscaloosa’s reading, during the 
early evening of the 26th, pressure readings which similarly 
were very low for a winter month and for the region of 
occurrence were noted over the northwestern Gulf of 
Mexico, the lowest of these vessel readings at hand being 
989.2 millibars (29.21 inches) from the American S. S. 
Arizona, when about 60 miles to southward of the south- 
east coast of Louisiana. 

Cyclones and gales.—The reports that have arrived fail 
to indicate any important storm over the North Atlantic 
during the first fortnight. While the remainder of the 
month was somewhat more turbulent, yet it apparently 
was less so than December usually is. 

The main North Atlantic has furnished six reports of 
whole gales encountered by vessels, as shown in the ac- 
companying table, and two other reports have come from 
Gulf of Mexico waters. 

A well-developed Low system, extending far from north 
to south, moved eastward from North America onto the 
Atlantic during the 20th and 21st. During the 22d and 
the early hours of the 23d the southern part of the system 
was sharply developed, and near the 40th parallel, as it 
advanced from about 60° to 43° west longitude it caused 
force 10 winds, as reported by the Coast Guard cutters 
Champlain and Bibb and a force 9 wind, as reported by 
the cutter Spencer. 

The morning of the 26th found a strong Low near the 
northeast coast of Texas, whence it advanced eastward 
and northeastward to Georgia and then northward. Un- 
usually strong winds resulted over much of the Gulf of 
Mexico; the American M. S. J. A. Moffett, Jr., in the 
extreme western part of the gulf and the American S. S. 
Agwistar, hove to off Progreso, had whole gales during the 
26th or 27th. 

A press dispatch states that in the town of Becujal, 
western Cuba, ‘10 persons were killed and 150 injured by 
freakish gale winds.’’ It seems possible that this havoc 
resulted from a tornado within the southeast quadrant of 
the low-pressure area. Another report is to the effect 
that in the state of Vera Cruz, Mexico, there were 9 dead 
and many injured, because of high winds, presumably of 
the general circulation connected with the Low and the 
marked nieH which followed it. 

Fog.—Over most North Atlantic waters, as far as re- 
ports indicate, fog was once more of very rare occurrence 
during the first half of the month, but somewhat more 
frequent from the 16th onward, notably during the final 8 
days. While more was reported than during the preceding 
month, especially from the northwestern Gulf of Mexico 
and waters to eastward of the Middle Atlantic and 
New England States, yet there are few areas where there 
seems to have been more fogginess than in an average 
December. 

The 5°-square, 40° to 45° N., 70° to 75° W., furnished 
reports of fog on 7 days, the iroatent number indicated by 
any square. Two squares adjoining it had fog on 5 days 
each, as did also one square in the northwestern Gulf of 
Mexico, namely 25° to 30° N., 90° to 95° W. 

No report has come of fog occurring anywhere to east- 
ward of the 50th meridian. 

Several accidents near New York resulted from fo 
weather. On the 12th the steamers Berkshire and Charles 
L. O’Connor collided outside Sandy Hook, but each, 
though damaged, was able to make port unassisted. On 
the 29th a less serious collision in East River and a ground- 
ing in the harbor were blamed on fog. 


i 
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OCEAN GALES AND STORMS, DECEMBER 1940 


Voyage Position at time of | Gale Gale Diree- | Direction | Direc- 
lowest barometer | Dé- | Timeof | end-/| 7 ,.oc¢ | tiomof | and force | tion of | Direction 
Vessel gan, | lowest ba-| ed, | Owest | wind | of wind at | wind |and highest| Shifts of wind 
De | rometer, | De- | eter | When time of | when | force of 
From— T ~ | Decem cem- jowest gale wind 
o— Latitude | Longitude ber 
Uruguay, Am. 8. 8____.. New York... Rio de Janeiro__| 3442 N. | 6630 W.| 130) 10p, 2] 1,009.1 | 
Birmingham City, Am. | Boston... 1010. | 7908W.| 11 | a4 | Coors | 
Duane, U. 8. C. G_.._..| OnStation No.1 3830N.| 5018W.| 14 1,020.3]... wsw 
Champlain, U. 8. C. G._| On Station No.2 3842.N.| 4724W.| 16 1,020.7 | NW NW NW WSw NW 
Excambion, Am. 8. 3648N. | 3806W.| 17 1,012.2 | NNW_.| WNW,6..| NNW_| NNW, 8__| WSW-NW. 
Duane, U. 8. C. G______| On Station No.1 3854N.| 5900 W.! 17 1,004.4 | SSW.__| WSW,'9_.| NNW_.| Wsw’9__| SW-NW. 
U. 8. C. G_| Station No. 3918N.}| 5900W.| 22 992.6 | NW__.| NW,$._..| NW__| NW. 10...| SW-N. 
. 8. C. On Station No.1 -| 3835N. | 5912W.| 22 989.2 | NNW SW, NW__-| NNW, 9__| SW-NW 
On Station No.2! 38 06 N. 46 06 W. 22 988. 8 "9 w Per ''- SSW-SSE-SW 
On Station No.1 3820 N. | 5925 W. 23 998. 3 "| W-NW 
Galveston... 2718N.| 7948 W.| 24 1, 006. 1 
New York. 2836.N. | 7900 W. 23 1,007.1 None 
On Station No.2 38836. N. | 4700 W. 23 988, 2 SW-NW 
New York... 3248N.| 7600W.| 25 1, 007.1 |. E-SSE. 
Steel Worker, Am. Cristobal 3435N.| 7405 W. 25 1, 006. 4 SE-s. 
John Worthington, Am. | Baytown, Tex. 2546N. | 9029 W. 26 993. 6 N-sW. 
Tuscaloosa, U. 8. 8__.__- Norfolk... ..... 3916N. | 4508 W. 27 984.1 NW-w. 
—— Havana, Am. | New Orleans 2615N. | 8600 W. 26 991.9 SE-SW. 
Calamares, Am. 8. 8....| Pto. Barrios... 1541N.| 8837W.| 26 998. 0 4 
J. A. Mo offett, Jr., Am. | Philadelphia Co MN. | 9612W.| 26 990. 9 WNW-NW. 
Gulfgem, Am. Port Arthur_. 2510 N. | 8510 W. 26 902. 6 SE-SW 
Bibb, U. 8. C. G____.... On Station No.2! 38 12 N. 46 48 W. 26 988. 5 w- NW- wNw. 
Marques, © Comillas, | Lisbon... ...... Havana.______- 3800 N. | 4330 W. 27 999. 9 W-NW. 
Agwister, Am. 8. 8...-.- 2130N. | 8949 W. 27 1, 002, 7 wsw-w. 
Trogreso. 
Massachusetts, Am.8.S.| New York._.._| Pilottown, La..| 2842N./| 8748 W. 26 992.9 sSW-NW. 
Monterey, Am. S. S____. Vera Cruz__.._- 2248 N. | 8424 W. 27 1, 003. 4 |_ 
R. P. Resor, Am. 8. 8.._| Galveston._....| 3055 N. | 7610 W. 28 1, 001.7 SW-SSE-8SW. 
North Pacific Ocean 
Washington, Am. 8. 8...| Manila San Francisco__| 4424.N. | 17600. | 130 977.8 wew-w 
Norfolk, Am. | Yokohama._... 43 23 N. | 13900 W. 1 998. 0 s-W. 
Vermar, Am. 8. 1436N.| 9454W.] 2 1, 008. 1 Nene 
Aurora, Am. M. Los Angeles..__| Vladivostok |?35 33 N. | 178 02 E. 4 31, 001.7 
Nebraskan, Am. Los Angeles..../71519 N. | 9323 W. 5 1, 010.8 WNW-NNW. 
U. 8. 8. Arctic... Honolulu.__.__| San 7 1, 015.9 -| 
Aurora, Am. M. S______. Los Angeles.._.| Vladivostok_...| 39 14 N. | 164 50 E. 9 3988.8 S-W. 
Collingsworth, 8. 8_| Yokohama... Seattle 43 46 N. | 156 43 E. 12 979.3 SSE-ENE. 
Aurora, Am. 8_______ Los Angeles___. Viadivostok.._.| 4102 N. | 152 36 E. 13 3989.8 E-WSW-W. 
Toa Maru, Jap. M. 8____|-.--- 3418 | 166 48 W. 13 999.9 
—_—- Maru, Jap. | Uno............| Los Angeles..._| 4118 N. | 14236W.| 13 973.9 E-ESE. 
Manukai, Am. 8. an Honolulu... ... 3206N. | 13848.W.| 14 990. 5 SW-s-Wsw. 
Kiyo Maru, Jap. M. S..| Yokohama... _- Los Angeles....| 4200 N. | 13736 W.| 13 979.5 ESE-SSW. 
Maliko, Am. 8. 8_....._. Honolulu..._ _| San Francisco..| 28 30 N. | 145 36 W. 15 1,001.4 SW-WNW. 
Sundance, Am. 8. 8____. Bintang,N.E.I. | Honolulu--.-_- 16 48 N. | 158 24 E. 14 1, 005. 4 None. 
Malama, Am. 8. 8...... ngeles, | ----- 93244.N. | 14439 15 989. 8 Wwsw-w. 
U.S. 8. San Francisco 32 54N. | 13030W.| 14 995.9 S-SW-SSW. 
Manukai, Am. 8____..|.---- 30 42 N. | 140 54 W. 15 995.3 W-SW-WSsw. 
Vietor H. Kelly, Am. | Astoria, Oreg___} Oleum, Calif___| 4242. N. | 12442.W.| 16 3987.5 SE_S8W. 
Malama, Am. 8. S__.._. Port Angeles, Honolulu.._...| 2824.N. | 4836W.| 18 31, 005.1 
Collingsworth, Am, 8, Yokohama... 4710N. | 17520E. | 17 3 998.0 
Syoyo aru, Jap. San Francisco..|?41 22 N. | 14046 W.| 18 3 963. 4 SE-SSW. 
Guguenot, Am. 8. 8..... Seattle......... Los Angeles....| 4740 N. | 12445 W.| 17 3991.9 ESE-SSE. 
Don Jose, Phil. 8. Portland, Oreg_| 4836 N. | 15724 W.| 18 3967.8 |. NNW 
San Diego Maru, Jap. | Simotu._.....-. San Francisco..| 4130 N. | 14130 W.| 18 3965.1 SE-SSW. 
U. 8. A. T. blic____| San Francisco..} Honolulu... 3115N. | 13715 W.| 20 21, 003. 1 s-w. 
Makaweli, Am. S. S____- tor o..........| 8536 N. | 12924 W.| 20 997.6 SE-Sw. 
. 8. A. T. Liberty... Honolulu. 4400 N. | 13130 W. 21 969. 5 W-ssw. 
West Cusseta, Am. M. Gingoog Bay, | Los Angeles._._| 39 36 N, | 16848 W. 21 2988.8 s-W. 
Syoyo Maru, Jap. 8. 8_.. Yokohama ___.| San Francisco..| 3918 N. | 12712 W.| 21 3 986. 1 SSE-WSW. 
Hawaiian Standard, | Aberdeen, | Richmond, | 4100N. | 12435 W.| 21 3 983.7 SE-SW. 
Am. M. 8. Wash. Calif. 
Huguenot, Am. 8. 8____. Portland, Oreg.| Los Angeles....| 4246 N. | 12508 W. 21 989.8 | SSE_...| SSE, 11...) SW_...| SSE, 11...| SSE-S. 
ightship. 
Am, | Aberdeen, Wash | Richmond,Calif.| 38 36 N. | 123 39 W. 22 $982.2 | ESE...| SE, 5.....- SE, 9......| SE-SW. 
Huguenot, Am. 8. Portland, Oreg. Los Angeles....| 39 15 N. | 12420W.| 22 3993.2 | SSE....| SSE, 10_._| SE-SSW. 
Makaweli, Am. 8. 8__..- San Francisco._| 34 24.N. | 13248 W. 22 3904.6 | SSE____.| SSE, 10._.| W____.. WSW, 10_.| SE-WSW. 
Maru, Jap. | Yokohama. San Francisco._}| 44 06 N. | 141 30 W. 22 3963.8 | SW___.| SW, 8.._.. N-NW. 
Vermar, Am. 8. .| Seattle. Ne , Oreg.| 4548 N. | 12406 W. 22 | 6a, 24... 25 | $977.0 | NE_...| SSE, 8_....| ESE, 9.__../ ESE-S. 
Collingsworth, Am. 8.8.| Yokohama 48 48 N. | 156.09 W. 21 | 8p, 21.-.. 25 | #967.2 | SE..._.| SE, 7......| NE._..| NNE, 10..| ESE-SSE. 
Kansai Maru, Jap. M. 8.|-....do..........| Sam Francisco..| 45 36 N. 145 30 W. 24 | 2p, 23... 24 962.5 | WSW__.| NW, 6_...| WSW_.| WSW, 8..| NE-NW-NNW. 
Kohala, Am. 8. 8_....... Port Townsend,} 36 24. N. | 135 18 W. 22 | 3p, 23 24} *982.7 SSE___. wesw, Os.) ALF 8. sSw-w. 
Manoa, Am. 8. San 233 16 N. | 126 53 W. 23 | 6p, 23....| 24 |21,005.4 | WSW_.| SSW, 7__..| WSW_.| W, 10.....| SSW-S-WSW. 
Mauna Kea, Am. 8. 8__.| Portland, Oreg_|----- 4450 N. | 127 45 W. 23 | 2a, 24._... 25 | #967.5 | SSE__..) 8, SSW__.| 8, 10......| SSE-SW. 
Mauna Als, Am. 8. S8___| 45 57 N. | 13000 W. 22 | 3a, 24..... 25| 3965.1; E_.....| E,2...._..| WSW..| WSW, 9..| ENE-E-W. 
President ‘Cleveland, Honolulu -- San Francisco..| 27 48 N, | 146 42 W. 25 -| 25} 1,010.2 | NNW_.| NW,9....| NW__.| NW, 9_...| NNW-NW. 
Am. 8. 8. 
M8. Standard, | Richmond, Calif; 40 48 N. | 12418 W. 26 | 12p,26...| 26 |*1,001.0) SE____. ESE, 9.__.| WSW_.| ESE, ESE-WSW. 
A 
Manoa, Am. 8. 8_. San Franciseo..| Honolulu.......| 2812 N. | 137 12 W. 27 | 3a, 27.....| 27 |91,013.9 | NE..._.| NW, 3._...| NNW-..| NE. NW-NE. 
President Cleveland, | San Francisco._|?34 50 N. | 18144 W.| 27 | 3a, 28.....| 29 992.2 | NE....| NE, 10....| NE____| NE, 10....| NNE-NE, 
A 8. 
Maunalei, Am. 8. 8. ..__|-..-- 3418 N. | 18318 W.| 27 | 4a, 2 2} ?9029 | NE_...| N, 10.._._.] N, 10...... 
West Cusseta, Am. M. 8. Bay, | Los Angeles....| 37 18 N. | 18200 W. 27 | 4p, 28... 28 1,005.4 NNE, 8... NNE..| N, 9-......| None. 
U. 8. 8. Kanawha....... San Diego._.... Pearl Harbor...| 3030 N. | 12530W.| 28 12p,28...| 29| 988.2) SSW__| NW,9._..| NNW_| NNW, 9..| SSW-NNW. 
U. 8. A. T. Meigs.......| Manila_........ San ..| 3506 N. | 15930 E. 30 | 10p, --| 2 |*1,087) WNW.| W, 7...... WNW_| WNW, 9..| W-NNW. 
Standard, | 42 53 N. | 169 04 E. 30 | 7a, 30..... 31 979.7 | SSE___.| SSE, WNW_/ SSE, 11_..| 8SE-W. 
‘an. 8. 
1 November. 1 Position approximate 3 Barometer uncorrected 
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WEATHER ON THE NORTH PACIFIC OCEAN 
By E. Hurp 


Atmospheric pressure—During much of December a 
more or less continual series of depressions, many of them 
of great depth, crossed the northern waters of the Pacific, 
the most of their centers in passage running a little south 
of the Aleutian Islands. The average center of these 
Lows, so far as daily barometer values indicate, was near 
the eastern Aleutians. At Dutch Harbor the average 
pressure for the month was 992.2 millibars (29.3 inches), 
which is 8.8 millibars (0.26 inch) below the December 
normal. Pressure was abnormally low over probably all 
the eastern part of the ocean. Even at San Francisco 
with an average of 1,013.5 millibars (29.93 inches), the 
departure from normal was as great as —6.5 millibars 
(0.19 inch). 

The lowest barometer reported for the month was 962.5 
millibars (28.42 inches) read on the Japanese M.S. Kansai 
Maru on the 23d, in 45°36’ N., 45°30’ W. 

Consequent upon the considerable cyclonic activity 
which overspread the eastern as well as the northern 
waters of the Pacific, the anticyclone usually existing west 
of California retreated to the westward and lay as a rather 
narrow belt extending from near Midway Island to the 
China coast. In lower Japanese waters abnormally high 
pressure prevailed. At Naha the month’s average ba- 
rometer, 1,020.5 millibars (30.14 inches), was 5.3 millibars 
(0.16 inch) above the December normal. 


TABLE 1.—Averages, departures, and extremes of atmos heric pressure 
at sea level, North Pacific Ocean, December 1940, at selected stations 


Depar- 
Average ture 
Stations pressure from Highest | Date Lowest | Date 
normal 
Millibars | Millibars | Millibars Millibars 
1,010. 1 —6.6 1, 034 15 993 4,27 
Dutch Harbor--_- dé 992. 2 —8.8 1,017 28 972 23 
2, See et 7.7 —4.0 1, 023 14 982 26 
995. 8 —5.2 1,012 9 969 17 
_ A aS. 1, 004.7 —4.1 1, 035 10 985 22 
Tatoosh 1,011.2 —3.4 1, 032 979 24 
San Francisco -_-_--.__-_.- 1, 013. 5 —6.5 1, 025 1 993 24 
eee 1,012.7 —0.8 1,015 |4,17,19,21 1, 008 26 
1,014.2 —2.1 1,019 26 1, 006 4 
Midway Island___.____- 1, 018. 6 +2.3 1, 029 24 1, C03 20 
1,010. 5 —1L0 1, 020 23 1, 000 
Manila 1,012.2 +1.0 1,016 18 1, 006 5 
Hong Kong 1,026 29 1,019 |15, 22, 24 
“aie a 1, 020.5 +5.3 1, 025 28 1,016 16 
) Ea 1,017.2 +1.3 1, 025 22 1,010 12 
Petropavlovsk ?_____._. 1, 006. 0 +2.9 1, 027 12 979 26 
1 For 21 days. 3 For 22 days. 


Note.— Data based on 1 daily observation only, except those for Juneau, Tatoosh 
Island, San Francisco, and Honolulu, which are based on 2 observations. Departures 
are computed from best available normals related to time of observations. 


Extratropical cyclones and gales ——December 1940 will 
long be remembered as an exceptionally stormy month 
over the eastern part of the North Pacific Ocean. Along 
the eastern three-fourths of the routes between the 
Hawaiian Islands and the coast of the United States, 
rough weather and fresh to whole gales were of almost 
daily occurrence from the 14th to the 28th. Along the 
coast itself from mid-California northward to Vancouver, 
sea and air combined, over the latter part of the period, to 
create a condition of general storminess unequaled in 
previous recent years. 

Along the upper western steamer routes, reports of 

ales, while far less frequent, indicate that winds of high 
intensity—force 11 to 12—occurred on at least 4 days, 
the 2d, 13th, 14th, and 30th, resulting in some delays and 
minor damages to shipping. It was only from middle 
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longitudes of the ocean, between about 160° and 175° W.., 
that reports indicate a condition of much more moderate 
weather, with only scattered gales of force 8 to 9. 

December was notably a month in which a rapid 
succession of cyclonic disturbances crossed northern 
waters, and in which a number of other storms formed or 
reached their height of activity over the ocean’s eastern 
quarter in more middle latitudes. The table of storms 
and gales, from which it has been necessary to exclude a 
considerable number of reports of lesser gales, gives a good 
idea of storm frequency and distribution. Mention may 
be made of a few of the more important storms. 

On December 1 a cyclone was developing east of the 
Kuril Islands. By the 2d, central near 50° N., and the 
180th meridian, it had developed into a deep storm, and 
on that day the American S. S. Washington encountered 
a westerly gale of force 11, barometer 977.3 millibars 
(28.86 inches), near 44° N., 176° E. Thereafter the dis- 
turbance weakened and, moving rapidly eastward, lay 
over the upper part of the Gulf of Alaska on the 5th and 
6th, no longer affecting the weather along the main- 
traveled routes. 

Two cyclones, one on the 9th and the other on the 12th, 
left the vicinity of the Kuril Islands and, proceeding 
eastward, resulted in initiating the stormy weather period 
to the westward of the United States. The earlier was 
of considerable depth at the beginning of its oceanic 
course, one vessel reporting a barometer of 978.9 millibars 
(28.9 inches), on the 9th, near 43° N., 152° E. Other 
ships, within a few hundred miles of the center on the 
late 9th and during the 10th, reported scattered gales of 
force 8 to 10. By the 13th, following a crossing of middle 
longitudes unmarked by reported gales, the storm area 
has expanded to enormous width, extending from near 
the Peninsula of Alaska almost to the Hawaiian Islands 
and causing widely scattered gales in southern and eastern 
quadrants. The highest reported wind was of force 10, 
encountered near 44° N., 150° W. On the 14th to 16th 
the center of the wide storm area moved irregularly 
within the region of about 38° to 47° N., 135° to 150° W., 
causing widespread gales of force 8 to 10, more particularly 
along the middle two-thirds of the California-Hawaiian 
routes. During these days the lowest barometer reported 
was 973.9 millibars (28.76 inches), read on the Japanese 
M.S. Arimasan Maru near 41° N., 143° W., on the 14th. 
The southward extent of the storm may be indicated by 
the report from the American S. S. Maliko of a north- 
west gale of force 10 late on the 15th near 30° N., 140° to 
142° W The eastward extent may be gaged from the 
report of another vessel on the same date of moderate 
southwesterly gales and barometer depressed to 995.9 
millibars (29.41 inches), near 33° N., 130° W. By the 
17th the storm lay off the Oregon coast, and there, in the 
“" 4 morning, in 42°42’ N., 124°42’ W., the American 
S. S. Victor H. Kelly had a southerly gale of force 9, with 
barometer at 987.5 millibars (29.16 inches). 

Meanwhile, the second storm alluded to, that of the 12th 
near the Kuril Islands, early displayed great energy, for 
on the 13th, within the region, 40° to 45° N., 152° to 
157° E., two American vessels, the Collingsworth and the 
Aurora, encountered violent westerly gales (force 11-12) 
with low barometer. As the storm moved eastward, 
lesser local gales were reported along its course. By the 
18th and 19th a large area of the northeastern part of the 
ocean from southwestern Alaska to the Washington and 
Oregon coasts was affected by it. On the 18th west to 
southwest gales of force 8 to 9 occurred as far south as 
the 28th parallel, near 148° W., while to the northward, 
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near 45° N., 140° to 150° W., in the midst of the stormy 
weather, pressures as low as 965 millibars (28.5 inches) 
were reported. On the 19th gales of force 9 were observed 
at various points from near the Alaska Peninsula to the 
coast of Oregon. 

No sooner had this vast storm area receded northward 
to the Gulf of Alaska, than a secondary Low appeared 
near 35° N., 140° W., on the 20th, accompanied by fresh 
to strong gales in the vicinity. On the 21st the storm 
center lay at some distance off the north-central coast of 
California, attended by heavy weather at sea, and by 
violent gales of force 11 to 12 close in along the coast 
from northern California to Vancouver Island. At 
North Head, Wash., the wind attained its maximum 
velocity of 84 miles from south on that date, while at 
Tatoosh Island the highest speed, 88 miles from south, 
occurred on the 22d. On land extensive damage was 
done by the strong winds, and the accompanying hea 
rains and floods, and off the coast several small vesse 
lost their lumber cargoes and were placed in precarious 
situations. 

The center of this storm entered the British Columbia 
coast on the 22d, but stormy weather continued in less 
degree far to the southward, and a new Low to the west- 
ward was further threatening the storm-beaten region. 
This Low, central about midway between Washington 
and the eastern Aleutians on the 22d, spread eastward 
and southward during the 23d and 24th, accompanied by 
widespread gales in a broad region over which pressure 
fell far below 982 millibars (29 inches). While the wind 
velocities in American coastal waters did not attain the 
height reached on the 21st and 22d, they were neverthe- 
less strong. Many instances of force 10 gales were 
reported at sea on the 23d and 24th, and on the latter 
date the extreme northwest-southeast range over which 
whole gales were scatteringly reported, was from about 
50° N., 155° W., to about 33° N., 127° W. The general 
wind intensity near the Oregon coast may be indicated 
by the report of the American S. 8S. Mauna Kea, Portland 
to Honolulu. This vessel, storm beaten from the 23d to 
25th, encountered her highest wind, a south gale of force 
10, barometer 967.5 millibars (28. 57 inches), on the early 
morning of the 24th, near 45° N., 128° W. 

During the 25th and 26th, as the storm slowly moved 
northward, conditions ameliorated in west coast waters, 
but the seas continued high, and some gales of force 9 
continued off the Oregon coast and vicinity. On Christ- 
mas Eve, according to newspaper accounts, while the 
schooner Stanwood was in distress off Point Arena, 10 
Coast Guardsmen set out to her rescue in motorboats. 
They became involved in the high seas and poor visibility 
and were lost to observation. They finally were them- 
selves rescued, some 36 hours later, following a long and 
arduous search, during which another rescue vessel 
reached the Stanwood. 

During the 27th a cyclone developed about midway 
between the Hawaiian Islands and Lower California. 
On that day the American S. S. Manoa had a northeast 
gale of force 9 near 28° N., 137° W. The storm deepened 
on the 28th, and at about 34° to 35° N., 132° to 133° W.., 
both the President Cleveland and the Mawnalei had 
northerly gales of force 10. On the 29th, as the storm 
neared the southern coast of California, the U. S. S. 
Kanawha, with a barometer of 988.2 millibars (29.18 
inches), experienced a northwesterly gale of force 9 in 
30°30’ N., 125°30’ W. During the night of the 29th—30th, 
the disturbance entered the coast as a mere depression. 

The month closed with a storm of the 30th and 31st in 
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northern waters, accompanied on the 30th by winds of 
force 10 to 11 within the region of about 42° to 48° N.., 
165° to 175° E., and scattered gales of less force to the 
southward. 

Tropical cyclones.—Subjoined in a report by the 
Reverend Bernard F. Doucette, Weather Bureau, Manila, 
P. I., of four typhoons of the month in Far Eastern waters. 

Tehuantepecers.—In the Gulf of Tehuantepec north- 
easterly gales associated with high pressure to the north- 
ward, occurred as follows: of force 7 on the 17th, of force 
8 on the 5th, and of force 9 on the 2d. 

Fog.—Very little fog was encountered far at sea. Ships 
reported it on 3 days off the Washington and Oregen 
coasts, on 13 days off the California coast, and on 2 days 
off the upper coast of Lower California. 


TYPHOONS AND DEPRESSIONS OVER THE FAR EAST 
By Bernarp F. Dovcerts, 8S. J. 
[Weather Bureau, Manila, P. 1.) 


Typhoon, December 2-7, 1940.—This storm appeared to 
intensify very quickly in a low-pressure area between Yap 
and Mindanao. It moved west-northwest to a position 
close to and east of central Samar and then continued on 
a westerly course across the Visayan Islands into the 
China Sea. This course was very close to and south of 
Catbalogan, Samar Province, close to and and north of 
Capiz, Capiz Province, and within 60 miles of the southern 
part of Mindora Island. Over the China Sea, it changed 
its direction to the west-northwest until the afternoon of 
December 6 when it began moving along a southwesterly 
course to the region about 100 miles east of southern Indo- 
china, where it disappeared December 7. 

At Barongan, Samar Province, the barometric minimum 
was 739.87 mm. (986.4 mb.) with southwest winds, force 
6. Catbalogan, Samar Province, had 735.83 mm. (978.7 
mb.) with north-northeast winds, force 2, at its lowest 
value. Capiz, Capiz Province, reported 743.92 mm. 
(991.7 mb.) as the minimum value. The first two sta- 
tions were under the influence of the typhoon during the 
early forenoon hours of December 3, while Capiz experi- 
enced its share of the typhoon strength during the early 
evening hours of the same day. 

No lives were lost, due to this storm, as far as could be 
learned from the daily papers, but the damage to roads 
and bridges due to flooded rivers was considerable. 

Typhoon, December 3-13, 1940.—As a depression, this 
storm moved west-northwest from a position about 300 
miles east of Yap, intensifying to typhoon strength, 
December 5, when it reached the region about 500 miles 
east of San Bernardino Strait. It moved westerly and 
then inclined to west-northwest when approaching the 
archipelago, a change which carried the storm center over 
the northern part of Catanduanes Island. The progress 
of the center was checked, December 7 and 8, when it was 
north of Camarines Norte Province and the center ap- 
peared to be recurving to the northeast. However, it 
did not move very far in this direction and during the 
night of December 8 to 9 it reversed its course and moved 
rather rapidly toward the southwest. The center, violent 
over a small area, passed between Capalonga and Daet, 
Camarines Norte Province, then over the Bondoc Pen- 
insula and north of Marinduque Island. It continued 
weakening as it moved, and passed over the central or 
northern part of Mindoro Island on its way to the China 
Sea. It moved westerly away from the archipelago and 
shifted to the southwest 1 day before it disappeared east 
of southern Indo China, December 13. 
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The vortex, as it over the northern part of 
Catanduanes Island, affected the weather bureau station 
at Virac, but full details are not available at the present 
writing. The lowest pressure value reported as the 
storm approached the island, was 744 mm. (991.9 mb.) 
with northwest winds, force 8, December 6, 8 p. m. 
(Manila time). After the storm reversed its course and 
was moving southwest, Capalonga had a minimum of 
742.00 mm. (989.3 mb.) with winds from the north-north- 
west, force 12. Daet reported 739.46 mm. (986.0 mb.) with 
winds from the south-southeast, force 8. These values 
were recorded between midnight and 1:30 a. m. December 
§. Boac, Marinduque Island, had 739.96 mm. (986.6 
mb.) with south-southeast winds, force 7, during the 
early forenoon of the same day. 

There were 60 lives lost on Catanduanes Island due to 
this typhoon. After it reversed its course, 10 laborers 
lost their lives when a tree fell on their house at Exciban 
Camp, Labo, Camarines Norte, and three people drowned 
between Polillo Island and Camarines Norte. There was 
great property damage due to the winds and the rains, 
and even more indirect loss, due to failure of power 
lines, ete., forcing mines and mills to shut down for 
repairs. 

Typhoon, December 8-19, 1940.—This center formed far 
to the south-southeast of Guam and moved north or 
north-northwest, passing close to and east of Guam during 
the early morning hours of December 10. It changed to 
the west when about 100 miles north-northeast of Guam, 
moving about 400 miles along this course. Then it 
changed to the southwest and west-southwest, threatening 
Samar Island. But its progress was checked and it ap- 
parently weakened over the regions about 150 miles east 
of southern Samar. As a low pressure area it probably 
reversed its course, moving about 200 miles to the east. 
After December 19, it was certain that the storm was no 
longer in existence. 

At Guam, a series of observations was made as the 
typhoon center moved north or north-northwest toward 
the island, and the lowest value reported was 748.50 mm. 
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(998.50 mb.) with west winds, force 5, as the center passed 
about 60 miles east of the station (December 10, 4 a. m. 
Guam time). 

During these typhoons, the appr winds were almost 
the same for each storm, the northeast and east quadrant 
winds much stronger and more active than the southwest 
quadrant winds. As these centers approached the Philip- 
pines, the east quadrant winds at Zamboanga and Cebu 
changed to the southwest quadrant,and Cebu winds usually 
were stronger than those over Zamboanga. Only a few 
reports were received at the observatory to give an idea of 
the upper winds over the Netherland East Indies, and that 
which was most significant was a strong southwest current 
(i. e. 50 k. p. h., or more) over Batavia, December 12, 
(Typhoon of December 8-19), which however, did not 
persist. This one ascent is the only indication throughout 
the month of any activity in the soutl. west monsoon cur- 
rent. The typhoon of December 3 to 13, which made a 
loop about 100 miles east of Manila, was under the influ- 
ence of a strengthening northeast quadrant current and 
perhaps the shift to the southwest took place because the 
southwesterly winds were weak. All of these three 
typhoons changed their courses from westerly or west- 
northwesterly, to the southwest, very likely due to weak 
nema monsoon winds and strong northeast monsoon 
winds. 

Typhoon, approximately December 18-22, 1940.—There 
were a few reports from ships, names unknown, December 
19 and 20, showing that a typhoon was in existence far to 
the east or east-northeast of Guam. The storm appeared 
to be moving northeast or north-northeast toward the 
regions north of Midway Island. From the information 
available, the center crossed the date line December 21, 
but more data will be required to be sure of this. On 
December 27, the newspapers had a dispatch originating 
in Honolulu, reporting the death of two men on board the 
S. S. Etolin, which was under the influence of the typhoon, 
December 20. These two men were injured so seriously 
feet they died before the ship reached Honolulu, Decem- 

er 27. 
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CONDENSED CLIMATOLOGICAL SUMMARY OF TEMPERATURE AND PRECIPITATION BY SECTIONS 


In the following table are given for the various sections of the climatological service of the Weather Bureau the 
monthly average temperature and total rainfall; the stations reporting the highest. and lowest temperatures, with dates 
of occurrence; the stations reporting the greatest and least total precipitation; and other data as indicated by the 


several headings. 


The mean temperature for each section, the highest and lowest temperatures, the average precipitation, and the 
greatest and least monthly amounts are found by using all trustworthy records available. 
The mean departures from normal temperatures and precipitation are based only on records from stations that 


have 10 or more years of observations. 


Of course, the number of such records is smaller than the total number of 


stations. 
Temperature Precipitation 
Monthly extremes Greatest monthly | Least monthly 
Section = on 
a Ba Sa | 
| ss Station Station | Station | | Station 
n Qa x =) | < 
oF. In. | In. In, 
80 | 11 | Scottsboro... +0.89 | Highland Home | 11.50 | Muscle Shoals.......| 2.62 
hog Gila 90 12 | Williams. | +2.48 | Pinal Ranch 10.39 | Yuma 
Arkansas............. Betmests............. 77 10 | Gilbert | —.36 | El Dorado | 8.69 | Clinton | 1.50 
Califermis. ........... Indio ath 12 | 2stations | +5.34 | Kennett ‘ ..| 31.77 | Cow Creek .-| 30 
Colorado Rocky Ford___- 75 9 | Taylor Park | +.21 | Wolf Creek Pass__- 6.51 | Utleyville- x, 
| | | 
Florida. .2 | +4.4| Davenport... 90| 1 | Morriston 5.77 | +2.99 | West Palm Beach___| 15.22 | La Belle (Engineers) | 2.62 
51. +3.4 Alapaha 12 | 2 stations 4. ‘ Summerville | 7.37 | Tifton | 1.83 
30.1 | 4+-3.7 | 2 stations 64 19 | do 1. Deception Cree | 8.09 | Roberts | .12 
Illinois. 36.1 | +5.0 | Griggsville. _- | 71 9 | Freeport... | 2. Anna. ------| 4.36 Clinton 
Indiana 37.2 | +4.9 | Vevay | 67 26 | Wheatfield 2. La Porte --| 3.73 | Whiting | 1.26 
| | 
lowa _..--.----| | Keokuk 68 9 | Decorah 1.4 Newton... ..| 2.45 | Milford._- A . 
Kansas_.... 36.5 | +3.4 | Richfield 9 | St. Francis 1. Toronto | 2.34! Tribune_.. 
Kentucky __- 42.7 | +-5.1 | Williamsburg........| 75 24 | Lynch (near). 3. Greenville __. | 6.02 | Jenkins 1.04 
Louisiana .__._....... 56.3 | +3.8 | 2 stations 83 12 | Plain Dealin S Bogalusa 16.12 | Lake Providence | 6.18 
Maryland- Delaware 40.3 | +5.0 | Snow Hill, Md 70 28 | Oakland, M 2. State Sanatorium...) 3.57 | Bridgeville, Del... | 1.49 
| | } 
Michigan _._____....| 27.8 | +2.8 | Dawagiae __.| 62} 16 | 2stations | 2. Whitefish Point | 4.16 | St. Igmace..__.. 60 
Minnesote... .....-...- 19.2 | +3.4 | Pipestone ...........| 49 23 | Meadowlands | Rochester. ...| 2.18 | Big Falls 
52.4 | +4.1 | Columbia 83 12 | Holly Springs. 7. 5 Perlington 13.44 | Rochdale 
38.6 | +4.4 | Mount 78 9 | Unionville. 2. New Madrid........| 5.20 | Edgerton.........._. 1.02 
| 
Nevada..............| 35.2 | +4.0 | 2stations__........... 80 12 San Jacinto__- 1. Marlette Lake......| 9.13 | MeGill____. 
New 27.0 | +.4} Adams, Mass_. | 63 25 | Enosburg Falls, 3. Somerset, Vt_.......| 6.36 Notch, | 1.77 
New Jersey 37.0 43.2 | Hammonton | 67 23 | Layton 3. —.55 | Newton ---------| & 27 | 
New Mexico..._._...| 37.5 | +3.4 | Tucumeari No. 2 | 78 | 8 | 2 stations i 1 +. Mozollon : 5.06 | 3 stations...........] .@ 
New York | +2.9 Port Jervis 66 25 Stillwater Reservoir _| 3 Trenton Falls | 19 | Letchworth Park | 1.78 
North Carolina 2| +3.6 | Moncure Ae 13 | Jefferson 3 _, Warrenton 9.32 | Greenville ---| 1.38 
North Dakota 8 | +6.7 | 3 stations | 59 6 | Willow City ; _ Milnor 2.09 | Fort Yates ee 
Ohio. __. .5 | +5.7 | 2 stations | @8 | Lima 3 + Barnesville 4.35 | New Carlisle | 1.66 
Oklahoma .1 | +3.1 | Guymon | 79 | 9 | Hooker 1 Bear Mountain 6.34 Kenton | .34 
| Tower. | 
Oregon 5.9 .3 | McKinley | 7 21 | Sod House 13 Bandon | 14.64 | Lake. , 1! 
Pennsylvania 0 .6 | 3 stations 68 | '16 | Mount Pocono. _-_. 3. Mariansville | 4.95 | Towanda.__._.. | 1.329 
South Carolina 81| 13 | 2stations 2. U.8. Fish Hatchery,| 7.84 | Orangeburg. 1.11 
| Oconee County. | 
South Dakota 7 | 16 | Sisseton- Wagner 1.38 | 2 T 
2 7} Dalhart 3. 86 | Kirbyville (near) 12.40 | 2 stations__. 
Springdale (Lion/ 71 | 8 | Panguiteh Timpanagos Sum-/ Callao............. T 
Park). | mit. i 
| 74 | 10 Mountain Lake. 2.45 | Big Meadows... | 4.80 | Monterey. 
Washington... 68 | 23 | Chesaw 4.50 Quinalt _..| 20.35 | .97 
West Valley Chapel_.......| 72] 16 Terra 2.31 New Martinsville._.| 4.13 | 2 stations... 1.19 
| 23. 55 1 24 | | 1.39 | Rest Lake 
Wyoming 25. 7 15 | West Yellowstone___| . 56 | Bechler River__..... 4.66 | Powell. ............ 
Alaska (November) -- 3 stations. 57| Fort 32 | 2.79 | Little Port Walter__| 30.90 | 2 stations -05 
2 Kaneohe (Oahu). 90 23 | Haleakala (Maui) 34 4.15 Kakui (Maui).......| 20.00 | Mahukona..........; .00 


1 Other dates also. 
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CLIMATOLOGICAL DATA FOR WEATHER BUREAU STATIONS 


Pressure Temperature of the air Precipitation Wind "8 
|B 
a io je ° a 2 | 
District and station | 2 54 +e = alice it, — Sis 
Ft. | Ft.| Ft.) In. In In. | °F. | °F. (°F, °F °F) °F) °F) In. | In. Miles In. | In 
New England 29.6; +1, 4) 79| 2.85) —0.6 6.6 
| 67] 85) 20.97) 30.06/+0.08) 26.8) +0.5| 48) 7] 36) —4) 4| 18] 35) 25) 21/ 80) 3.28] —0.5) 15) 10.5) nw. | 29) sw. | 7) 6) 6] 19) 7.2/10.9) T 
Portland, Maine 103) 117) 29.95) 30.06) +.03| 24.4) —3.2| 45) 8] 34/—-16| 4] 14) 39) 22) 84) 3.11) 12) 5.0) n. 17} n. 3] 13) 12) 5.8|10.8| T 
289) 54) 72) 29. 76| 30.09] +.03| 27.2} +. 4) 49] 25) 4/ 19) 38) 22) 20) 85] 3.42} 12) 4.8) n. 21| nw. | 17| 8| 7] 16] 6.5/9.8) .4 
Burlington... 403] 11] 48) 29.63] 30.09] +.04] 23.5] —.9] 42] 32/-17| 4] 15} 36] 22] 19] 85) 2.50] +.6] 15) 9.8) s. 35] s. 7| 8] 7.81/82) T 
| 876) 12! 60) 29.10) 30.09) +. 04) 21.6} +1. 2) 45) 27) 33-26) 10) 45) 15) 85) 2.25) —.2| 13) 7.0] sw. | 27) sw. | 7) 5) 9} 17| 6.8) 
Boston.............-..| 124] 30.09] +.04| 34.3) +1. 8) 58) 25) 42 4| 27} 30] 71) 2.76) 13} 9.8) mw. | 34] sw. | 10] 7] 6) 3.5] .0 
Nantucket... 12) 14] 90} 30.08) 30.00] +.04) 38.7) +2.9) 55} 28] 46) 14) 4) 32) 26) 36) 32) 79) 3.29) 10) 12.7) w. 36] sw. | 17| 5| 7.2] 1.0] .0 
Block Island... 26| 11] 46) 30.07) 30.10] +.04| 38.5] +2. 5] 56) 28] 46) 4/ 32] 33| 36) 32] 76) 3.10} 14] 16.1] w. 43| nw. | 17| 13) 5] 13] 5.5} T | .0 
Providence | 159) 65] 25/ 29.93) 30.11) +. 05] 35.4] +3. 8) 62] 25) 43/ 28) 34) 30) 25) 2.15] 12) 10.5) nw. | 42] nw. | 17) 8| 7| 16) 6.5) 2.9) .0 
Hartford | 159} 122]..__| 29.93] 30.11) +.04) 32.6] +2.8] 56] 25] 41) 3] 4/ 24] 39] 29) 25) 78] 2.67) —1.3} 14] 8.0) n. 33) sw. | 7| 7| 8| 16] 6.5/4.1) .0 
New Haven 107| 68] 30.00] 30.12) +.05] 35.6} +3. 1! 25] 43} 6) 4/ 28) 32) 28) 76) 2.46) —1.6) 11] 8.8) n. 30) sw. | 10] 7] 15] 6.0) 3.2) .0 
Middle Atlantic States | 39,9) +4, 4 2.36) —0,9 6.5 
97) 40! 29.99) 30.10) +.02) 28.6] 48] 25! 36] 4] 21) 33) 27) 23) 77/ 2.64) .0| 12) 9.3) nw. | 34] w. 5} 7] 19] 7.51 T 
71| 57) 79) 29.16) 30.11) +.02| 31.9) +3.7| 59] 25) 40] 4) 24) 32) 29) 26) 82) 2.13} 12) 6.5] nw. | 21) nw. | 17, 1) 10) 20) 8.0) T 
New York............ | 314) 415) 454) 29.76) 30.11) +. 02) 38.9) +3.9] 58) 46) 32) 25] 35) 29) 68) 2.53) —1.1/ 11] 14.2) nw. | 49] nw. | 17/ 10) 6] 15) 6.4] 3.8] .0 
| 374) 30) 49) 29.72) 30.14) +.02| 37.6] +4.9] 60] 29) 11) 4/ 30] 33) 33] 29] 76) 2.86) 10) 6.9) mw. | 28] mw. | 17) 4) 10) 17) 1.5) .0 
Philadelphia | 174) 30.00) 30.13] +.02) 40.4) +4. 1] 62] 29) 47) 14) 34) 25) 35) 32) 80) 2.53] 11) 12.3) n 35| nw. | 17) 6| 10) 15) 6.4) 29) .0 
323] 306] 29.78) 30.14)... 38.0| +5. 8] 61) 25) 45} 12] 4/31] 31] 34) 28] 3.40} 10.6) nw. | nw. | 17) 5| 9] 17] 6.8) 23) .0 
805] 104! 29.21| 30.10} 00] 33.7] +3.0| 56] 25] 41] 4] 27] 8) 6.5) sw. | 21] nw. | 17] 5] 6] 20) 7.4/1.5) .0 
Atlantic 52] 37] 30.07) 30.13) +. 03) 41.6) +5. 2) 59} 13) 48) 17) 4) 24) 38] 33] 75] 2.53) —1.4) 10) 14.9) n 35| w. | 17) 7} 14/65) .0 
| 180} 89} 29.92) 30. 13)......| 38.3] +3. 9) 62) 29) 46) 12) 4) 31) 26) 34) 28) 70] 3.02) —.3) 9) 83) n 26| nw. | 17| 4) 12) 15] 6.6) 3.9] .0 
Baltimore | 123} 100) 215) 30.00) 30.14) +. 01) 43.0] +5.8) 62) 10) 50} 18) 4] 36) 26 38} 69] 2.68) 11} 9.6] sw 31] nw. | 17| 6] 12) 13] 6.6) .2) .0 
Washington... | 112] 62) 85| 30,01) 30.14! +.01| 42.81 +6.2) 63] 10] 50] 16] 4] 35] 29] 32] 68) 227) —1.0| 11! 6.3) nw. | 34] nw. | 17) 6) 12) 13] 6.5| T} 
Cape 18} 54) 30.11| 30. 13|..____! 47.8) +4.1] 73] 13] 55] 28) 41) 33) 43) 40) 81) 1.10) —2.3/ 12.0) n 36| n 17} 13] 5] 13] 5.4) .0 
686] 144) 184) 29. 40| 30.15) +.01/ 44.0) +4. 5} 69) 10) 54] 12) 4) 35) 34) 38) 33] 72} 3.02} —.2) 12) 6.8) mw. | 27) nw. | 12) 12) 5.6) .0 
Norfolk -| 80} 125} 20.04) 30.14) +. 01] 48.4) +5. 3] 72) 13] 56) 23) 4] 41) 43) 40) 82) 1.16) —2.2) 6) 9.9) ne 25| n 17| 12) 6] 13] 5.6} .0) .0 
Richmond | 144) 11) 52) 29.98] 30.14) 44.4] +4.6] 65] 10) 53] 16) 4] 36] 32] 38) 35] 1.56) —1.7| 11) 7.6) ne. | sw 7| 14) 12) 5.2) T) .o 
49] 58] 27.69] 30.14] —.01| 40.1] +4.8] 63] 12) 50} 6) 4] 30} 31) 35] 32) 80] 2.29) 13) 6.8] w 27| w 10) 10) 3) 18} 6.4) T) 
4 South Atlantic Statee | 50,8) +4,1 82) 3.04) —0,3 6.1 
258] 88] 104] 27.75] 30.16; .00} 43.6} +5. 8] 67] 10] 54) 18] 4] 34] 36] 38) 34) 76] 2.79] —.4) 9) & 6) nw. | 24/e. 27| 8| 9| 14) 6.0) T) .0 
Charlotte | 63] 86) 20.29) 30.13) —. 47.0] +4.0} 70] 13) 56] 19) 4) 38] 29) 41) 37) 80) 2.83) —1.0] 12) 7.2) me. | 21) sw. | 29) 8/11] 12) 5.8} .0 
Greensboro | 886] 6] 56) 20.19) 68] 11] 54) 13] 4] 33) 39] 38) 36) 84) 2.17)....._| 12] 7.8} me. | 22) nw. | 8} 15) 6.2) .0} .0 
2 11] 50} 30.12] 30.13] .00] 52.2) +2.1] 72) 13] 58) 33] 4] 46] 27) 49) 47] 87; 5.56) +1.4] 12) 12.8] n se. | 25) 8| 9] 14) 5.9) .0 
376| 146) 29.73) 30.14) —.01| 47.2} +4. 2] 73] 13) 58} 4] 37] 35] 42) 38) 80] 1.66] —1.9| 10) 83] ne 24) sw. | 29) 11] 3] 6.0] .0 
72] 73] 107| 30.06] 30.13] —.02| 52.6) +3.5| 73] 12] 62| 24] 4) 44) 32] 44] 81) 2.93} +.2) 12) 8&1) n 26} sw. | 16) 11) 13) 5.5] .0) .0 
Charleston ?_________- 48} 11] 92] 30.06] 30.11] —.04| 55.0} +3.3] 77] 13] 62} 33) 4) 22] 47) 45) 85) 2.36) —.4/ 9) 9.9) n e. 25] 9| 8| 14] 5.7] .0 
Columbia, 8. C______- | 347| 70] 91) 29.76) 30.13} —.03] 51.0} +3.8| 73] 11] 60} 27] 4] 42) 45) 1.32) —1.7} 10) ne 24) w. | 29) 9] 14/ 6.0] .0 
Greenville, 8. 1,040} 70} 78] 29.00} 47.6] +5.4] 68] 21| 56] 23] 4) 39) _.| 2.65] —2.2} 10} 7.1) ne 26| sw. | 29) 10) 7| 14] 5.7) .0] .0 
182] 62} 77) 29.92) 30.11) —.05| 51.6] +3.5) 75| 12] 61/ 29) 4] 42) 37) 45) 41) 77) 2.41; 11) 5.7] ne 22| sw. | 28) 7| 7] 17/66; .0| .0 
Savannah 65] 73} 152} 30.03] 30.10} —.05} 57.3] +4.9] 77] 13] 66] 35] 4] 49} 30) 50) 47) 83) 4.20} +1.3) 12) 9.6] ne 43] se. 7| 4] 13] 1416.7] .0| .0 
Jacksonville 43| 86] 110| 30.04] 30.08] —. 06] 61.0) +4. 7] 78| 12] 69] 36) 4] 53) 29) 54) 52) 88) 5.61) 13] 7.6) ne 23| w. | 28] 5] 6] 20) 7.2) .0 
\ Florida Peninsula | 71.3) +4.0 84| 4.45) +2.6 5.3 
Key West 21} 10} 64) 29.99) 30.01] —.07| 73.8] +.8] 84] 21/ 79) 60) 4 16 67| 84] 6.25) +4.6) 11] 10.6) e 42) w. | 27] 13] 10) 4.6) .0) .0 
25] 124] 168) 30.01] 30.04) —.07] 73.1] +5.1) 84] 2| 78} 50] 4] 70! 23] 65) 63] 86] 3.97) +2.3) 7} 43) s 7| 10} 10] 11) 5.4) .0| .0 
88} 197] 30.01] 30.04) —. 08] 67.1) +5.0) 83] 16) 75) 42) 4) 50) 27) 61) 58) 83) 3.12) +1.0) 10) 11.9) e 34| s 28} 10) 13/60) .0) .0 
East Gulf States | 53.7) 82) 6,45) +2,2 6.6 
1,173} 5] 72} 28.85) 30.11) —.05} 47.6] +2.9] 67] 11] 56) 26] 39} 34] 43] 40/ 4.39]... 14] 32) s 13} 7} 8| 16) 6.9} .0 
370] 79] 87| 29.70} 30.10} —.06| 51.0} +3. 5] 75] 12] 60] 42) 38} 46) 42) 4.47) 12) 66) n 17} e. | 7] 6] 18) 6.9) .0 
273| 49] 58) 29.79] 30.08} —.07| 55.2] +2. 7] 78] 12] 65] 32] 46! 4. re 
Apalachicola... 35} 11] 30.02) 20.06)... ___ 58. 5| +2.8! 65} 39] 4] 52) 24) 53] 88| 7.58] 13) 9.3] ne 31} e. 19} 4} 19) 7.5) .0) .0 
56] £4] 79] 30.00) 20.06) —.09| 57.4] +3.4] 76] 1] 64] 38) 4] 50} 24) 53) 50] 80/10.24) +5.6| 15) 8&9) e 34] se. | 26] 8| 5] 18] 6.6) .0 
741] 29. 32) 30, 12} —.04] 49.6} +5. 4] 71] 11] 58 4| 41] 37 15] 4) .0) .0 
11] 29.35| 30.11} —.05) 50.6) +4. 2) 71) 11] 59] 26) 4/ 43) 30] 44) 41) 81] 4.32) —.8) 13) 7.7) n 24) se. | 15] 13} 2] 16) 5.9) .0} .0 
57] 86 161 30.00] 30.06] —.09| 57.0) +4.8) 75] 11 65] 37] 46) 32) 51) 49) 7.74] +2.7) 13] 10.5) n 42}e. | 26] 7] 7/17) 6.7) .0} .0 
Montgomery ?.______- | 218) 92] 29.86) 30.09} —.07| 53.0) +3.6) 74| 11] 61) 31| 4) 45! 31| 46] 80| 6.79} +2.0| 13) 7.1) e 2i;e. | 26] 10) 3] 1816.7) .0| .0 
| 375} 67} 92) 29.67| 30.08) —.08| 52.4) +4.7| 77| 12) 62) 30) 4) 35] 47) 45) 85| 7.95} +2.7/ 13) 6.2) ne 32} e. | 26] 11) 5) 15) 5.9) .0 
Vicksburg. | 247| 82) 102) 29.80) 30.07) —.08| 53.4) +3. 4) 75| 12) 62) 34! 2) 45) 29) 48) 43] 74/ 6.79) +1.5| 9.0) n 27| n. 7| 8| 5] 18] 6.5) .0| .0 
New | 53] 76] 84) 29.99) 30.05) —.08| 59.4] +3.8] 81] 12) 66) 45] 17| 23] 54] 52] 83| 8.09} +3.3) 12) 7.6] ne 21} nw. | 7| 16) 6.4) .0) .0 
West Gulf States | 53.6] +3.2 81| 5.27) +2.3 6.3 
/ 
Shreveport _.| 249] 92] 227) 29.80) 30.06] —.07! 52.8] +3.7] 71) 9} 29] 16] 44) 29] 48) 44! 80] 7.91] +3.6/ 11] 10.5) ne. | 42) ne. | 26) 8] 9) 14) 6.2) .0 
Bentonville... 1,303} 12) 28.75) 30.14) +.01| 42.6) +5.1/ 70] 19] 52) 21| 34) 3.64) 41.3) 10) 6.9) sw. | 20) sw. | 9] 11) 4) 166.0) T) .0 
Fort Smith. | 463| 57} 82| 29.61! 30.10] —.03| 46.0] +3.9| 75| 9| 55; 26| 37| 40| 36 73| 3.44) +.7| 11| e. w. | 15] 13] 4] 14] 5.8] .0} .0 
Little Rock 357} 94) 102) 29.71) 30.10) —. 04) 48. 2} +4.0) 69) 9] 56) 28) 16) 40) 36) 42) 40) 85) 3.02) —1.1) 83) e. 28] ne. | 26| 10} 6| 15) 6.1) .0| .0 
| 605! 68! 90) 29.41) 53.6] +2.6| 72} 28) 62| 31| 16) 45, 49) 46) 82 5.32) +2.7| 7.6) n. 29| nw. | 26} 9| 15] 6.1) .0 
57} 96} 29.94) 63.9} +2. 7| 82) 1) 43) 16) 57] 30) 59) 57) 85) 6.95 +5.4) 10) 11.7) nw. | 43/ nw. | 26) 6) 16 6.7; .0} .0 
Corpus Christi 78) 30.00 30.02) —. 10! 60.9| +2. 9! 78) 11] 67} 40) 16) 55) 28) 56; 55] 88) 2.12) 10) 10.6) n. 32| nw. | 27| 18} .0 
Dates | 512} 220) 29. 52) | 72} 9} 58) 26 16) 39) 33| 44) 41) 81/ 4.85) +2.5) 11) 9.9) n. 42| n 26| 12) 5] 14] 5.9} .0 
Fort | 679) 35) 56) 29.35) 30.08) —.04) 48.9) +1.4) 73, 9) 58) 28) 16) 39) 34) 44 | 4.72) +2.8) 10) 10.6) n. n 11} 6| 14) 5.9) .0| .0 
Galveston 106) 114 29.97) 30.03) —.09) 59.0] +2.6) 71 40| 16| 54) 18] 55) 86| 8.08} +4.3) 14 9.7) n. 33} nw. | 27; 9} 5) 17) 6.2) .0} .0 
Houston | 138) 157] 190, 29. 89 30. 05! 58.3} +3.9] 75| 10) 66, 32) 16) 51) 24) 53) 51) 85! 5.30) +1.1/ 13] 10.2) se. 28| nw. | 27| 7] 6] 18} 6.8} .0 
| 510, 64) 30.07, —.05) 53.0] +3.1] 71) 10) 61) 28) 16) 73] 5.87) 42.2) 11) 7.1) n. n. | 26] 10} 6] 15/....| .0} .0 
Port Arthur. | 134) 30.00) | 74! 1] 65] 37] 52| 9.75] +4.5| 14] 12.8] me. | se. | 25) 7| 6.7) .0 
San Antonio | 693) 111! 301) 29.31! 30.04) —.07/ 56.8' +3. 1! 78' 28! 65' 34! 48' 52) 48) 79! 2.85! 41.2) 10) 11.8) me. | m. | 26) 11] 3/17] 62) .0 


See footnotes at end of table. 
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wn 
Elevation of P T Z Sa 
instruments ressure emperature of the air - Precipitation Wind e < 
|2 “| 
District and station | 2 34 | ait?! 3 Si & a3 — Sis 
Ss Seine] o a Sis aloe | El alee 
I< A 1h 10 esa ja |< |= A la 
Ft, | Ft.| Ft.| In In Ba. PR °F | °F °F) °F) In. | In Miles 0-10| In.| In 
Ohio Valley and 
Tennessee 41,5) +5. 2 82} 2.81) —0.7 7.4 
Chattanooga !________. 762| 21) 54) 20.29) 30. 03) 44.4) +1. 1) 67) 11] 55) 17] 4) 34) 40) 40) 38) 86) 4.47)_.____ 12) 5.4) 24| sw. | 29) 7] 6.8 0.0 
Knoxville 995; 66) 84) 29.04) 30.12) —. 04) 46.2) +5.9| 68) 27) 55) 20) 4) 41) 37] 80) 2.90) —1.6) 5.5) ne 20) sw. | 16] 9) 14) 
Memphis 78) 86) 29.66] 30.10) —.05| 48.4) +4.8] 69) 11] 56! 27| 2) 41) 32) 42) 38) 80) 3.17) —1.3] 12) 7.9) e 26} w. | 15) 11) 11) 5.8} .0) .0 
Nashville 546) 187) 29.52) 30.11] —.04| 46.0) +5.0) 68) 10) 54) 22] 4) 38) 30) 41) 38) 82) 2.44) —1.8) 14) 8&5) s. 10] 15) 6.6) .0| .0 
Lexington 6 29.04} 30.14] 41.4) +5.6) 64] 24) 33) 3) 33) 1 227.5] -0 
Louisville 525} 106} 120) 29. 54] 30. 12} —.02) 42.4) +4. 8) 62) 24) 50; 12) 35) 30) 38) 34) 82) 3.10) 10) 9.0| sw. | 32) sw. | 16) 4) 19) 7.6, .0 
Evansville 431) 76) 116) 29. 64) 20.11) —. 02) 40.8) +3.7| 63) 9) 49) 12) 3) 33) 34) 37) 34) 81 2.32) —1.2} 12} nw. | w. | 16) 3) 11] 17] 7.5] .0| .0 
Indianapolis ?________. 823] 98| 129] 29.20] 30. 11| —.01| 37.6] +5.4| 61| 45| 5| 3/31] 31] 861258) 9| nw. | w. | 16! 3] 6] 22) T) .0 
Terre 575] 68] 29. 49) 30. 37. 8|---.-.| 61] 24] 45} 4) 3] 31) 33) 33) 31) 85) 2.89} .0) 10] 10.3) mw. | 31] sw. | 16) 3) 9] 19) 7.91 .0 
Cincinnati 627] 11] 51] 29. 43) 30.12) —. 01) 39.8] +6.4) 60) 12) 47) 11) 3) 36) 33) 82) 2.38) —.6) 8&2) sw 27| sw. | 16) 5} 5) 21 7.7] .0 
Columbus 822} 90} 110} 29. 21} 20. 10} —.02) 38.8] +6. 4) 62) 25) 45) 12) 3) 32) 26) 34) 31) 82) 2.72} .0) 13) 10.2) s 33| sw. | 16) 3| 7.9) .1| .0 
186] 213} 29. 13] 30, 37.8] +5. 2] 60] 24) 45} 9) 3] 31) 29) 34) 31] 85] 3.13) 12] 10.8] sw 41| sw | 16 3} 7] 7.7; 
1,947| 61] 78) 28.03} 30.13} +.01| 40.6) +7.9] 64) 16) 51) 2) 4) 30) 43) 35) 31) 78) 1.83] —1.6) 17) 6.6) w 26) w. | 5| 6) 7.5) .0 
Parkersburg... 7| 84] 29.42) 30.12} —.02) 41.9] +6. 7) 65) 16] 50} 12) 4/ 33) 36) 37| 33) 77) 2.42) —.6) 12) 5.9) sw 21| sw. | 16] 4] 10) 17| 7.4] .0 
Pittsburgh !..........| 842] 39) 54) 29.18) 30.10) —.01/ 38.1) +3. 9} 64) 16) 46 6) 4) 31) 30) 34) 31) 79) 2.62) —.2) 14) 11.0) mw. | 35) w 3] 6 22,83) 24 T 
Lower Lake Region 32.2) +2.8 83) 3.21) +0.5) 8.3 
Buffalo 768] 243] 280) 29. 22) 30.08) +. 02) 32.8) +3.0) 58) 25) 39) 27) 24) 30) 27) 83) 3.37)......| 17) 15.5) w, 49) w. 7} 3] 8) 20) 7.9)12.1) .1 
448} 10) 29. 58) 21.8) 47) 25) 32)—21/ 3) 12) 22) 20) 3.43) +.7) 20) 8.5) w. 34| sw. | 7] 5) 7} 19) 7.6/15.7| 1.5 
836] 77] 100) 29.14) 32.4) +3.4| 56) 40) 0} 3) 25) 244) 4.1) 15) 98) se. 27| se. | 16) 3) 23) 8.4) 4.4) .0 
335] 71] 88! 29. 70| 30.08| +. 02) 30.6| +1.6| 57| 25] 38] 3| 24) 27) 29) 25 76| 2.84) —.7| 16) 10.6) se. 34) mn. | 17) 22) 84/82) T 
Rochester 523] 86) 102) 29.50} 30.09) +. 03} 30.8] +1.5) 60) 25) 38) 3) 23) 30) 29) 26) 86) 2.841 +.1 17) 10.1) sw. | 36) sw. | 2) 20/80) 7.0) .0 
Syracuse 65] 79) 29. 42) 30.09) +. 02} 30.3] +1.3| 61) 25) 4) 22) 37) 28) 25) 84) 3.78) 19) 9.1) sw. | 34) sw. | 20) 3) 3) 25/85) 8.6) T 
Erie 714] 57] 81] 29.30} 30.10) +. 03] 35.6) +3.7) 61) 25] 42} 12) 4 32| 29| 85] 3.50) +.7| 13) s. 24) s. 7| 3) 4) 24) 8510.3) T 
Cleveland 762| 267| 318| 29.25] 30.10} +.01| 36.7| +5.5| 63] 16] 43) 12) 4) 30) 35) 32| 29) 81) 4.07) +1.6) 15) 15.6) w. 44) w. 7} 3) 3) 2587/60 T 
---| 629) 5) 34.8] +3.6] 60} 25) 41) 10) 4) 29) 33}. | 3. 50) +1.2) 14) 9.5) sw. | 26) nw 1| 3} 5) 23) 83) 5.7) .7 
Toledo 628} 79] 87} 29.40] 30.10) +. 02) 34.0) +3.6) 57] 24| 40} 10) 3 28} 30) 28) 84) 3.55) +1.2) 13) 10.0) w. 29) w. 7| 3] 22) 7.8) 6.7) .4 
Fort Wayne 857} 69} 84) 29.16) 34.2) +4.9) 24) 40) 3) 28) 32) 31) 28) 84) 218} —.4) 10) 9.3) w. 27| w. 16) 2) 5) 24) 8.5) 21) .0 
730} 29.29) 30.10} +. 03) 32.0] +2.3) 53) 26] 38) 3) 26] 25) 30) 26) 81 2 8) 10) 10.5) nw. | 30) sw. | 16 5| 25| 8.7] 4.3) .1 
26.9) +3.0 85 | —0.4) | 8,2 
Upper Lake Region | 1.58 
609| 13) 89) 29.38} 30.07) +.05| 27.6} +2.8} 43) 10] 33) —2 22) 24] 88 —.3} 15) 10.0) nw. | 31) mw. | 10) 4] 5) 22) 7.9/10.8] 6.6 
Escanaba............-} 612} 51] 72} 29.39) 20.08) +. 05] 24.2) +1.8) 40) 26) 30) —7) 3) 18) 22) 23) 21) 85] 1.39) 9 10.2) nw. | 32) mn. | 12) 4) 4) 23) 8.0/10.8) 1.0 
Grand Rapids 707| 70} 244) 29.30) 30.09] +. 04] 31.9} +3. 4) 51] 24) 36) 3) 28) 26) 86) 2.05) 16) 11.0) 8. 36| sw. | 16) 1) 3) 27| 8.9) 7.0) 1 
878} 5] 90} 29.12) 30.2] +3.0} 52) 25) 35) 3] 3) 25) 20) 28} 26) 89) 2.66) +.6) 14) 8 mw. | 25) s. 2) 3) 26) 87) 9.6) 40 
Marquette... 734] 44] 73) 29.22] 30.05) +. 03) 25.2] +2.6) 44) 21) 30) —2) 3) 20) 23! 24) 21) 85) 1.64) —1.0) 9) 9.3) mw. | 28) s. 9} 4) 5) 22) 7.9/15.0) 4.1 
Sault Sainte Marie?._/ 614) 11] 52) 29.35] 30.05) +.05) 23.6) +3.1] 41) 25) 80/—11| 3) 17) 26) 22) 19) 86) 2.12) 21) 7.3) se nw. | 7| 2| 3} 26) 8.8:25.2) 4.9 
Chines... 673} 131| 29.36 30.11) +.03] 33.5] +4. 7) 53) 24) 39) 3) 28) 25) 31) 28) 80) 1.38) —.7/ 13) 10.9) s. 26] sw. | 16) 5) 3) 23) 8.0) 4.3) .0 
Green 617| 109] 29.39] 30.09] +.05) 24.3) +2.0) 43) 25) 30/—13/) 3) 19) 28) 24) 21) 83) 1.38) —.3) 9 10.1) s. 25| w. 7) 5) 3) 25) 8.1/7.7) T 
Milwaukee 681| 126] 221) 29.34] 30. 10) +. 04) 29.5] +3.4) 47| 26) —9| 3 24 21) 27) 24) 85| .95) 8| 12.6) n. 33} | 16) 1) 9) 21) 8.4) 1.3) .0 
1,133] 5} 47) 28.79} 30.07) +.02] 18.9} +3.0) 45] 24) 26/—19/ 13) 12) 37) 17) 15) 86} .51) —.6) 10) 11.7) nw 7| nw 5) 6] 20) 7.5) 5.7] .6 
North Dakota 20,3) +6.7 88| 0,41 —0,2 | | 
Bismarck 4] 41] 28.20) 30.07] —.01| 22:0} +7.3) 47) 20) 33|—21| 13) 40) 20) 86} .10) —.5) 4) 84) mw. | 42) mw. | 9) 10) 4) 6.3) 1.8) .4 
Devils Lake. .........|1,478] 11] 44) 28.40) 30.05) —.01| 16.1) +6.6) 41) 6 26 —25) 12) 40; 16) 15) 94) 0} 8 8&1) sw. | 33) nw | 6) 7) 3) 21) 7.4) 4.2) 4.2 
Lemmon, 8. 4} 38) 29.28] 30.05). 55] 23] 37|—12] 13) 15) 38} 23) .16)__. MW. 12 | 1.0) 1.0 
Grand Forks 832} 12) 67| 29.13) 30.08|_____. 15,9) +5. 3) 37} 21) 24)—21) 12 36) 16) 14]___| .88).- | Se. |-.----] 6} 3) 7.3) 7.3 
Williston .-|1, 878] 42} 50} 27.98} 30.03] —.03) 21.4) +7. 6) 44 31)—21| 12) 12) 40) 20) 17) 83] —.2) 6) 5.4) sw. | 28) w. | 9) i3) 1.9) 2.3 
Upper Mississippi 
Valley 30,9) +3.9 84) 1.82) | ry | | 
919] 32| 61| 29.06] 30.10] +.02| 22.0) +2.4) 44] 15] 21) 18] 85/102) s 33, nw. | 6) 3) 20) 7.5/10.6) 2.5 
Springfield, Minn. ...|1,025| 4} 42) 28.95) 30.01|___._. 43| 24) 30|—16| 3| 16) 46) 21) 5) 8) 1.7 
La 714] 11] 48} 29.30) 30.10} +. 02) 25.4] +3. 1) 46) 24) 22)-19) 3) 19) 38) 23) 20) 85) 1.55) +.2) 6, 5.8/8 i8| w 9} 4) 4) 23) 7.9/11.5) .4 
Madison 974] 70) 78| 29.02) 30.11] +. 03] 26.2] +3.4] 46) 31/—12) 3) 21) 24) 24) 22) 86) 1.38) —.2) 9) 9.0) n. 22) nw. | 16) 1) 9) 21) 8.1/3.8) T 
Charles City 1,015] 10} 51| 28.90) 30.12] +.02] 24.6] +4.2) 48) 32|-15| 3] 18) 35) 24 22) 88 1. 58| 9) 6.6) n. 20) nw. | 7| 6) 5) 20) 7.7|16.3) 1.3 
Davenport 66] 161) 29. 43| 30. 12} +. 02) 32.4) +5.3] 60} 39] 3) 26 29) 30) 27| 86, 1.78) +.3) 7) 9.2) nw. | 30) nw 4) 7) 20) 7.6) 27) .0 
Des Moines ?. 860} 5) 99) 29.14) 30.09) +. 02) 30.2) +4.2) 55} 9) 37 0} 3} 23) 20) 27| 24) 83) 1.46) +.2) 7) 95) | 29) mw. | 16) 7) 5) 19) 7.3)15.4) T. 
699] 60} 79] 29.33} 30.12) +. 02] 29.2) +4.5) 54) 9] 35] —9) 3} 28} 27) 24) 83} 2.01) +.6) 8 6.5) mw. | | 7 3) 7 21) 8.1) 6.5) 12 
Keokuk - 614} 64] 78} 29.43] 30.11] —.01] 35.4) +5.8] 68} 9] 42) 0) 3) 29) 29) 20) 26) 80) 1.84) +.4) 7) 7.8) sw. | 25) sw. | 16) 9) 3) 19) 6.8) .1) .0 
358| 87] 93) 29.72] 30.12) —.04) 43.4) +5.6] 51; 20) 3) 36) 292) —.5) 8&5 20) sw. | 16) 4) 8) 19) 7.2) .2) .0 
609} 45] 29.43] 30.11] .00] 34.0] +5.9] 62) 9} 40) 3) 28) 25) 31) 29) 87) 1.67) 8 7.0/8. 20| sw. | 16] 8} 3] 20) 6.9) .0 
Springfield, 636} 191) 29.41] 30.11) —. 01) 36.4) +4. 7) 9) 42) 3) 3) 30) 28) 32) 31) 89) 1.73) ~—.4) 9 10.8) n. 28) 8. 9} 6} 6) 19) 7.3) 1.5) 
568} 179] 303) 29. 49) 30.12) —.01) 39.9) +5.0] 69] 9) 46) 11) 3) 33 36} 32) 76) 3.21) +1.0) 12) 11.4) nw. | 35) Sw. | 9 8) 7 16) 6.7) T .0 
Missouri Valley 33.1) +4.7 | 83) | | 6.8) 
Columbia, Mo.?_-...-| 7 6| 66) 29. 24) 30. 11/—0.01) 38.0) +4. 8) 73) 9) 45) 11) 3) 31) 34) 30} 80} 2.91) +1.0) 8) 8&0) w. 24) sw. | 16) 6) 10) 15) 6.6) 1.7) .0 
Kansas City 963| 38} 76) 29.04) 30.11} —.01| 37.2) +4.7| 67| 9) 45) 11) 17) 30) 32) 33) 29) 77) 1.68) +.4) 9) 10.1) sw. | 37) sw. | 6 7) 4) 20/68) 1.2) 0 
St. Joseph 967| 11] 49! 29.05) 30.12)... 34.9] +5.3/ 62) 42) 17] 28 | 30) 28) 88) 1.55) +.3) 6) 8. 4) w. 27| nw. | 16) 8) 6) 17) 6.7 3. 9) 
Springfield, Mo.?__...|1,324) 78] 28.66) 30.10) —.03) 39.4) +3.2) 71) 9) 48) 17) 31 | 35) 32] 84) 2.63) +.3) 12) 11.2) se. 31] s. 9} 8 5) 18/69) .2) .0 
987| 65) 87) 29.02) 30. 36.2} +4.2) 66) 9) 44) 8) 17) 29 31| 32) 29) 79) 1.31) +.3) 11) 8.7) w. 22) nw. | 4) 4) 18) 6.7) 5.4) .0 
11) 81} 28.79} 30.11) —.01/ 31.1) +3.5) 58) 9} 38 0) 13} 24) 29) | 24) 86) 1.30) +.5) 8 9.0) s. 28) n. 2} 9 5) 17) 7.1)15.3) .0 
44| 28.89] 30.11| 30.5! +4.1| 56} 9| —2| 23) 20) 28] 25] 1.39! 7| 9.6) se. | 31) mw. | 4/ 5) 21) 7.4/1.0) .0 
Valentine__ 46| 54] 27.27) 30.07] —.03] 30.6) +6.0] 60) 5) 41) 20) 34) 26) 22) 78) 1.00) +.4) 8 8.2) w. nw. 6] 13) 11) 5.5) 6.6) 1.0 
Sioux City 106)_____- 30. 10} —.02} 28.8} +5.7] 50) 6) 36) —2) 13) 22) 31) 26)__- 1.07} +.2 9.0) s. | 4] 2) 11) 1.0 
1,301} 41) 28.64) 30.09} —.01| 24.4] +5. 7] 49] 8] 33) —1/0i2| 16) 39) 23) 20) 84) .33) —.2) 9) 11.9) s. 38) nw. 7.3] 5.0) -.8 
Northern Slope 28,9) +5.2 74 0,34) —0,4 | es | &2) 
3,570} 18} 39) 26.27) 63} 42) 13) 23) 27) 27 20) 61/ .06)......| 3) 13.0) sw. 52) nw. | 5/ 10) 6) 15) 6.0) 2 
2,507| 11] 67| 27.30) 30.02} —.03] 27.0) +6.4] 62) 37|—17| 12) 17) 42) 23) 19) 76) —.6) 2) 8&2) w. 34) sw. | 5) 11) 13) 5.3) 14) 
14.124} 85! 111] 25.78] 30.10) —.03) 28.7; +4.5] 59) 8] 38) —9| 14) 19 24) 19) 72) .04) —.7) 2) 7.0) w. 42) sw. | 6) 4) 11) 16) 6.7) .5) .0 
Missoula 13. 263] 91) 26.64) 30.12)... 30.4) +5. 9] 54! 36) 14) 24) 23) 26) 23) 86) .23) —.9) 8 5.7) se. 22) sw. | 8 4) 8 19 7.4/1.4 T 
Kalispell... 12,973} 48| 56] 26.94) 30.05} —.02| 20.1) +4. 2) 34) 17| 24) 25) 27) 24) 81) .81) —.6) 14 4.1) w. 24) sw. 5) 1) 3) 27) 8.5) 4.5) .8 
Miles City .._.....- 2,371, 48) 55) 27.48) 30.05] —. 05) 28.6) +7. 6) 52) 24) 39) —6, 12) 18) 37) 24) 20) 77| .39) —.2) 6) 5.2) s. 25) nw. | 9) 12) 6) 13) 5.3) 5.3) 1.5 
Rapid City 259] 50] 58] 26.59] 30.06) —.03] 32.4) +5.5) 66) 5] 43) —4) 14) 22) 51) 26) 21) 72) .34) —.1) 5) 7.1) w. 29) nw. | 6) 10) 10) 11) 5.3) 4.3) 
Cheyenne !..........- 16,0941 39] 23.94) 30.06) —.03| 31.4) 64) 8) 42/—13| 20) 32) 24) 17) 59) .28) —.3) 3) 126) nw. | 45) w. | 5) 8 15) T 
60} 68) 24.64] 30.14) —.01] 23.8] +3. 4] 58} 5) 36/—13) 14) 12) 40) 20) 16) 76) —.2) 4 e. 26) w. 6) 9) 11) 5.7/4.8) .4 
Sheridan 3,790] 47/ 26.06] 63} 3) 40|—13| 14] 15] 42) 22) 19) 78) .26) —.4) 5) 4.9) nw. | 38) mw. | 27) 9) 8) 14) 6.0/6.7) 
Yellowstone Park ..._- (6, 241 12} 46) 23.86] 30.19] +.03) 24.8) +7.8) 47) 8) 32)—11/ 14) 17) 30 23) 18| 75) 10) 8.6) s. 32) sw. | 5| 7| 10) 14) 6.4) 6.6) 2.3 
North Platte 2,821] 11) 51! 27.07] 30.091 —.O1! 30.8) +4.1/ 67] 5] 41] 14/ 21] 43) 25! 22) 80! .68) +.2) 7! 6.9) w. nw 6) 12) 131 5.31 5.3! T 


See footnotes at end of table. 
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O., CLIMATOLOGICAL DATA FOR WEATHER BUREAU STATIONS—Continued 
. Pressure Temperature of the air Precipitation Wind 2 
2 |2 |e ° | 
lasisSissiz Sa lea og > & sis leu 
io - og | ~ =: 
Ft. | Ft. In. | | | OR.) OR. RL OF. °F.) °F.) °F.1%| In. | In. Miles 0-10 
Middle Slope | | 36,1) +3.1 76| 0.90] +0.2 5.2 
5, 202} 106) 113) 24. 70) 30.06)/—0. 02) 35.6) +3.3) 73) 8) 46) 14) 25) 37) 26) 18) 59) —0.4 6.7) s 26) nw. 6] 12) 14) 5) 4.2) 5.4) 0.0 
Pueblo 600} 79 25. 27) 30. 09) +. 01) 32.7) +1. 2) 75) 8) 47/—18) 14) 18) 55) 25) 20) 71) .42) —.1 3} 7.2) w 33) w. 6} 13) 9 5.4) 8.1) .0 
1,392) 50) 28. 59) 30.11; .00) 33.0) +2.3] 60) 9) 40 6} 13; 26) 27) 30) 28) 85) 1.25) +.6 8 7.8) ne 24; nw 28] 10] 7] 14] 5. 9)12.4) .0 
Dodge City ..|2, 509) 10 | 27.41) 30.08} —. 02) 37.8] +5.2) 71} 8] 48} 8] 13] 28) 40) 32) 28) 77) .79) 6] 10.0) nw 28) sw 5} 12} 10) 5.2) 5.5) .0 
Wichita ? 1,358} 85) 93) 28.62) 30.10) —.01) 37.5) +2.9) 66) 8} 46) 13] 15) 29) 35) 33] 31) 86) 1.56) +.6) 6) 14.2) s 30) n 27} 14] 5} 12) 5.2) .7| .0 
Oklahoma City? 1, 214! 10) 28. 78) 30.09) —. 02} 43.0) +3.7} 70} 9} 51] 20) 14) 35) 29) 38) 35) 1.89) +.4 6 9. 5) s. 24; n 27] 13) 6 T) .0 
Chadron, Nebr. 3, 439 5 26. 44 30. 06) 33.0)......| 64) 5) 43/—12} 14) 23) 39) 27 sw 5 2.0; .0 
Southern Slope | 48,1) +4.0 70| 0,60) —0, 5.1 
= Abilene ?___.__. 1,738} 10) 56) 28,22 30.06) —.05; 48.3) +2.3) 74) 4} 58) 24] 16) 38) 31) 42) 38) 79) 1.68) +.3 8 8.9) s 31) n. 26; 10, 5) 165.9) T) .O 
Amarillo 2... _...|3, 676} 10} 49) 26. 26) 30.06, 42.5) +5. 5] 77) 9] 53) 14) 14) 32) 40} 33) 29) 76) —.5) 8&8) sw 26| w. 25; 14] 9 814.2) .0 
Del Rio__- .| 960; 63) 71) 29.03) 30.03) —.07| 55.4] +3. 2) 83) 28) 65) 32) 16) 46) 46) 49) 43) 68} .38) —.3 5 8. 6) nw, 40} nw. | 26) 7) S| 16) 6.4) .0 
566} 75) 85) 26.38 30. 03) —. 04) 46.2) +5.0) 75) 4) 60) 16; 32) 46) 38) 29) 58; —.6 3 7.2) 8 40} nw. | 25) 17) 4] 10) 3.9) .0 
Southern Plateau | 45, |0+4,3 68| 1.87) +1.0 5.0 
3,778) 82) 101) 26. 20} 30.02) —.01) 50.4] +-5.5) 70) 4) 62) 28] 16) 39) 32) 41) 32) 58) —.2 6 6.7) w. 29) w. 25{ 14] 13] 4] 3.7] .0} .0 
Albuquerque 4,972 5) 25.08) 30. 06) 39.2) +4.7| 60} 6) 50} 17) 16) 28) 32) 33] 28) 69] +.4) 10) 7.7/ n. 42) nw. | 25) 15) 11) 4.8) .5) .0 
Santa Fe 7,013} 38) 53) 23.22) 30.12} +. 06) 75.2) +4. 5) 55) 3] 44) 9) 16) 26) 27) 28) 24) 78) 2.07] +1.3) 8) 6.6] n. 24 e. 12) 13] 4] 14] 5. 2112.0) .5 
Flagstaff... 6,907) 10) 59) 23.33) 30.00) —. 06) 33.6) +5.2) 60) 8) 45) —1) 15] 22) 39) 30) 27) 79) 3.14)... 10) 7.1] nw. | s 12} 9} 9} 13) 5. 4.0 
Phoenix }1,107} 39} 87) 28. 82) 29.98) —.06| 56.8) +4. 8) $3) 8} 68} 32) 15] 46) 38) 49) 44) 71) 3.75) +2.8) 10) 5.0) e. 22) se 29] 7] 6 18] 6.5 0) 
Yuma.._. -...-| 142} 9} 54) 29. 84) 29.99; —. 06) 50.0) +3.8) 80] 3) 69) 39) 15; 49) 33] 50) 40) 55) +.3) 6) 5.8) mn. | 28) w 24] 15] 10] 6) 4.2} .0} .0 
Independence 3,957} 5) 26) 25.98) —.05) 40.8) +1.5} 71) 2) 52) 10) 15) 30) 38) 33) 215 4.8) nw. 11) 6 6.0) .0 
| | | 
Middle Plateau | | | | 33.9) 43.5 75) 1.13) +0. 2) | 6.0 
Reno? 4,527; 61) 76) 25.43) 30.03|—0. 12) 37.8) +4. 5) 60] 3) 48 6) 14) 28 40) 31) 26) 69) 1.71) +.7 10} 5.2) w | 28) Se | 16} 3) 12] 5.0; 2.3) .0 
Tonopah 16,090} 12) 20) 24.02) 30.05)__ | 60] 4] 42) 6) 14 29) 23) 30) 24 x 7| 
5) 56) 25.59) 30.04) —. 14) 34.2] +4.2) 64] 3) 46) —3/ 14) 23) 39| 30} 25) 71; 1.41] 10) 6.9) ne. 24) s | 23) 9} 6] 16] 5.9) 1.6) .0 
Modena .....|5,473| 10} 46 | 30.10) —. 02] 30.6) +2. 5) 64) 8) 42/—15) 15) 20) 43)____|-- —.2}) 10) 7. 3) w 34) sw. | 23] 8} 4) 19) 6.8) 5.7) .0 
Salt Lake City 86) 210) 25.65) 30.14) —.01) 34.7) +2.8) 56] 5) 42) 9) 15) 27) 24) 29) 27) 84) 1.46 0} 11) 5.4) nw 29) nw. | 27} 7] 11) 13) 6.1) 8.6) 1.5 
Grand Junction 60) 68) 25. 46) 30. 12) +.02) 31.0) +3. 5) 54) 39) —3) 15) 23 30) 28} 24 1.07) +.4 4.3) se 22) 8. 12) 16) 6.4/8.4) .0 
Northern Plateau | | 34,1) +3.6 81) 1.47) —0,2 | 6.8 
3, 471) 36) 54) 26. 44) 30.00; —.07| 33.2) +5.9) 53) 5) 41 5} 14; 26) 25) 28) 26) 84) .54) —1.2 5.9) 8 24) se. 21 8} 617) 6.1) T 
5) 49) 27.20) 30.10) —. 10) 35.3)_...-- 55} 20) 43 9} 13) 27] 30) 32) 28) 75) 9} 9.5) se 40) e 23) 11] 5) 15) 5.8) Ty .0 
Pocatello !........... 4,477; 5) 31) 25.50; 30.13) —.06) 57; 40) 14) 22) 35) 28) 24] 1.64/_.___- 9) 8.0) sw 34) w | 27) 7| 9} 15) 6.3) 4.1) 1.7 
Spokane ?__.______- 1, 929) 101| 110] 27.97) 36.05) —.03} 33.9] +3.4] 22] 39} 9] 14) 29) 32) 30) 86) 2.59) +.4) 14) 55) n 21) sw. | 5) 1) 2317.3) 1.0) T 
Walla Walla 991; 65) 28.96; 30.05) —.07| 37.0) +1.5 21; 44) 14) 14) 30) 30/____}-- 11.66) —.4) 14) 49) s. 27) se. ir 2} 3) 26;8.9) .0 
Yakima. 58) 28. 87) 34. 2) +3. 5) 53) 8) 41) 11) 14; 28) 26) 32) 29) 82) 1.87) +.5) 11) 4.0) nw 25) nw 5} 10) 3} 18) 6.4) 1.3) .0 
North Pacific Coast 44,7} +3.2 80) 6.44) —0,8) | 7.6 
Region 
North Head - 56) 29.66) 29.89) —. 14] 46.5) +2.4) 58) 2) 50) 34) 12) 42) 14) 44) 39) 8.18) —1.3 2; 17.0) e. s 21] 4) 21/7.41 Ty} 
Seattle 125} 321) 29.80} 29.94 —.05] 46.4) +4.7] 63] 21] 51) 30) 14) 42] 20) 42] 38] 80] 4.04) —1.6] 19) 9.5) se. 47| s 22} 4] 19) 7.2) .0 
Tacoma 194) 201) 29.72) 29.94) —.05) 44.6) +4.0) 64) 21) 50); 23) 15) 40) 22 3.80} —2.9) 19 7.2) S. 52} s 21} 6| 4) 21) 7.4) 
Tatoosh Island 86) 29.77) 20.86) —. 10) 46.6] +2.7 57| 21] 50} 35) 12 43; 12} 44) 40) 79/14.10) 23) 19 s 22] 2) 21) 7.2) -0 
Medford ! 1,329] 29) 58] 28.54] 20. 98! 41.4) +4.0) 63) 21] 48} 19) 14) 35) 25) 39) 35] 81) 3.41] 13) | se. 3} 
Portland, Oreg ? 154] 68} 106] 29.78, 20.96] —. 11] 44.0) +2 8} 63) 21] 49] 20] 15) 39) 19] 40] 36) 81) 5.03] —1.7) 16) 5.9] se 8. 5| 4) 22] 7.5) .0 
Roseburg 76) 29.38) 20.94) 43.6] +1.8] 70) 21] 51] 17] 14] 37] 29) 42] 39) 84] 6.54] 14) 3.8] s. 21] s. 21; 1) 8} 22) 83) .0 
| | 
Middle Pacific Coast | 
Region | 52.0) +4,0 73|10.62) +5.9 6.1 
Eureka 60} 72| 88) 29.85) 29.92) —. 20) 50.6) +2. 4] 67] 21] 57] 30} 14) 44) 23) 48) 45) 81] 8.87) +2.6) 15] 7.2] se. 34) s 21) 5] 6} 20] 7.0) .0 
Redding 722} 20} 34) 29.17) 29.95) ‘ 51.2) +5.1] 72) 8} 58} 31) 14) 44) 28) 45) 36) 63)17.97/+12.4) 14 9.7) nw. s 17} 11] 3) 17] 6.2) .0 
Sacramento ? | 66} 92) 115) 29.89) 29.96] —. 18) 50.6) +4.4/ 70) 5) 50] 23) 14) 42) 32) 46) 41) 74) 9.40) +6.4) 14) &3) n. 34/ se 23) 14) 3) 14) 5.5) 
San Francisco 155} 112) 132} 29. 76] 29. 93) 19} 55.4) +4.1) 71) 9) 61] 42) 14 50) 20) 51] 46) 74) 6.25) +2.3) 14 7.2) @ 33) se 24) 11) 12) 5.6) 
fet South Pacific Coast | | 
Region 57.7) +4.7 66; 5 61) +3.6 6. 0 
Fresno 327 5} 35) 29.63) 29.99) —. 14) 51.0) 68) 2] 61] 23) 13) 41) 33) 47] 42) 72) 5.24, +3.8) 10 4.3) se. 20) se. 24) 11 16] 5.8} .0 
Los Angeles 338} 223 250! 29.61) 29.97) —. 10} 61.2} +4.6) 88! 7) 7 45| 13) 53 7| 42) 56) 5.50) +2.9) 11 8.3) ne. 32} 16} 6} 11) 14] 6.0) .0) 
San Diego------ 87| 62) 70) 29.87) 29.97) —. 10} 60.8) +4.8} 84) 3) 70} 44) 26; 52; 32) 53] 48) 70) 6.09) +4.2) 6.0) n. 33) s. 24) 9 6.1 .0 
West Indies 77.1; +0,8 3.54] —2,0 4.8 
San Juan, P. 82; 10} 54 29. 91 30. 77.1] -+. 8] 86) 27) 82) 68) 22) 72) 3.54] —2.0; 17) 11.6) e. 33} 5] 7) 20) 4) 4.8) .0 0 
Panama Canal | 81.9) +2.0 82) 2.22) —5.8 6.0 
Balboa Heights. | 118} 6] 92 329.80) —.02| 81.4) +1.4) 92) 1) 89) 72) 26) 74) 20)____]. 85 —4.4 8} 5.9) nw 20) n 5} 3] 27] 1) 5.2) .0 
Cristobal. 329 82; —.02| 82.4) +2.5) 89] 26) 86) 75) 8) 14) 76) 75) 78) 4.25) —7.3) 16) 11.3) n 27| n 31] 1) 17] 13) 6.9) .0 
Alaska 16,4) +3.5 78) 2,38] —0.7 8.4 
Fairbanks. 454) 87) | 99.711. +3.0) 45) 10] 4/—38) 15)—12)__ 8 3.3) n 19) w. 13} 7] 11) 13]_.__| 5.7] 7.8 
80) 96) 116/429. 58/429. 67)______ 34. 8} +3.6) 49) 19) 38} 15) 31) 31) 14) 33) 30) 82) 6.22) —1.4) 21 7.1) se 24/ ne. 26) 8. 4/10. 8) 4.9 
10. 4| +3. 9) 34) 19] 17; 75] —.5) 10) 8&3) n 36) n. 6) 5] 20 5.0) 9.0 
Hawaiian Is'ands | 73.8) +1.4 73) .41| —3.6 5.5 
3 38) 86} 100] 29.91) 29.95)... 73. 8| +1.4| 83) 15) 78} 62) 26) 69) 16) 63) 73) .41) —3.6) 138 8.5) ne. 28) 26] 16] 5.5) .0 
! Data are airport records. _ ¢ Wind, and clear, partly cloudy, and cloudy data, from city office records, other date 
and data from airport, other data from city records. from airport records. 
Jbdservations taken bihourly. 
nee ghee tnath pepe Nore.—Except as indicated by notes 1, 2, 5, and 6 data in table, are city office record. 


4 Pressure not reduced to a mean of 24 hours. 
5 Barometric, hygrometric and temperature records from airport, other data from city 
office records. 
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SEVERE LOCAL STORMS 
{Compiled by Mary O. Souper from reports submitted by Weather Bureau officials] 


{The table herewith contains such data as has been received concerning severe local storms that occurred during the month. A revised list of tornadoes will appear in the United 
States Meteorological Yearbook] 


Width Value of 
. Loss Character of 
Place Date Time of path, roperty Remarks 
yards” | of life Gener storm 

Napoleonville, La. 0 $10,000 | Property damaged; 1 person injured. 

Snow, rain, and | The heaviest snow fell in the southwestern portion of the State, with 16 

sleet. inches at Red Oak and 15 inches at Bedford, while the fall generally ex- 
ceeded 10 inches over a broad belt extending from the southwestern to the 
northeastern corner of the State. Many roads were blocked especially 
in the rural areas and transportation was hampered. East of a line 
extending from Allamakee County southwestward to Ringgold County, 
the snow changed to sleet and freezing rain. In Keokuk County the 
coating of ice on wires and trees was reported to be an inch thick and 
coatings of more than half an inch were reported from Cedar, Johnson, 
Washington, and Henry Counties. Service was interrupted because 
many communication and power lines were broken. 

La., 2 miles 1 0 2,000 | Tornado.......... Property damaged; 3 persons injured. 
south. 

Snow, rain and ice | Snow ranging up to 6.5 inches fell in the northern two-thirds of lowa, while 

in the southeastern and extreme eastern parts, heavy damage was caused 
by an all-day rain that froze as it fell. Damage to telephone and power 
nes. 

Kansas, southeastern and _§ See es eee ST ...---+-----| Sleet and freezing | Damage to telephone and power wires; travel on highways difficult and 
oe portions of the rain. dangerous for several days. 

Green Bay, Appleton, New 2 ae Re ee Pe 75,000 | Snow and glaze___| 10 to 14 inches of snow recorded with much lighter falls in the far north- 
London, and Shawano, western portion of the State. Highways were blocked by drifts greatly 
Wis., and v ities impeding traffic. 

16 Drifting snow blocked many roads and highways. 

Washington, western portion | 21-22 Wind ....| Trees, poles, and wires blown down, temporary buildings destroyed. Boats 
of the State. were blown from their moorings, 1 Doing completely wrecked. Two 

rsons killed by power line falling across their car. At North Head, 

jash., wind attained a velocity of 84 miles an hour at 9:30 p. m., local 
time. All telegraph, telephone and power lines down due either directly 
to the wind or to trees falling over the wires. 

Fest 26 | 10:13 p. 50 House demolished, others damaged; 2 persons injured. 

27 | 12:30 a. m__. 200 _| Storm moved from south to west. Considerable damage to houses and 

| trees; path a mile long. 

| Storm moved from south-southwest to north-northeast. Four cabins in 

a tourist camp demolished. Several persons injured; path 10 miles long 

Boca Raton, Fla.............. | Storm moved from west-southwest to east-northeast. Damage mostly to 

trees with loss to some beach property. 

a ae OSS Damage to roofs and chimneys. Path narrow and 14 miles long. 

Fort Lauderdale, Fla. Wind.._.........._| Property damaged; loss to crops; 1 person electrocuted. 

VS SO Se ae Tornado__.__......| Blowing in from the southeast, the twister ripped off part of the roof from 


a stable, jump=< over Central of Georgia Railway tracks, skimmed past 
the city power plant, s‘ruck a cotton compress building and then plowed 
| intoalumber yard. A u*gro was injured when his home was wrecked. 


1 From press reports. 


SOLAR RADIATION AND SUNSPOT DATA FOR DECEMBER 1940 


SOLAR RADIATION OBSERVATIONS 
By HELEN CULLINANE 


Measurements of solar radiant energy received at the 
surface of the earth are made at 9 stations maintained 
by the Weather Bureau and at 10 cooperating stations 
maintained by other institutions. The intensity of the 
total radiation from sun and sky on a horizontal surface 
is continuously recorded (from sunrise to sunset) at all 
these stations by self-registering instruments; pyrhelio- 
metric measurements of the intensity of direct solar radia- 
tion at normal incidence are made at frequent intervals on 
clear days at two Weather Bureau stations (Madison, 
Wis.; Lincoln, Nebr.) and at the Blue Hill Observatory of 
Harvard University. Occasional observations of sky 
polarization are taken at the Weather Bureau station at 
Madison and at Blue Hill Observatory. 

The geographic coordinates of the stations, and descrip- 
tions of the instrumental equipment, station exposures, 
and methods of observation, together with summaries of 
the data obtained, up to the end of 1936, will be found in 
the Monruty WeatHer Review, December 1937, pp. 
415 to 441; further descriptions of instruments and 
methods are given in Weather Bureau Circular Q. 

Table 1 contains the measurements of the intensity of 
direct solar radiation at normal incidence, with means and 
their departures from normal (means based on less than 3 
values are in parentheses). At Lincoln the observations 
are made with the Marvin pyrheliometer; at Madison 
and Blue Hill they are obtained with a recording thermo- 
pile, checked by observations with a Smithsonian silver- 
disk pryheliometer at Blue Hill. The table also gives 


vapor pressures at 7:30 a. m. and at 1:30 pv. m. (75th 
meridian time). 

Table 2 contains the average amounts oj radiation 
received daily on a horizontal surface from both sun and 
sky during each week, their departures form normal and 
the accumulated departures since the beginning of the 
year. The values at most of the stations are obtained 
from the records of the Eppley pyrheliometer recording 
on either a microammeter or a potentiometer. 

Normal incidence radiation during December was 
above normal at Blue Hill, Mass., while the sky was 
unusually overcast at Madison, Wis. 

No polarization measurements were made at Madison, 
Wis., due to overcast skies, or at Blue Hill, due to snow 
cover. 

Total solar and sky radiation was below normal during 
December at all stations except New York and Twin 
Falls. Madison, Wis., experienced during the last week 
the lowest radiation it has had since the station opened in 
1911. All stations except Blue Hill, Newport, and Fresno 
showed an excess in total solar and sky radiation during 
the entire year, while the greatest deficiency experienced 
was at Blue Hill. 

LATE DATA 


Total solar and sky radiation for Ithaca during August: 
July 30, 469, —1; Aug. 6, 486, +65; Aug. 13, 390, —54; 
Aug. 20, 484, +43. 

Total solar and sky radiation for Chicago during 
November: Oct. 29, 190, +33; Nov. 5, 117, —18; Nov. 
12, 190, +74; Nov. 19, 116, —2; Nov. 26, 106, +13. 
Total departure through Dec. 2, +6, 107. 
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TaBLeE 1.—Solar radiation intensities during December 1940 TaBie 1.—Solar radiation intensities during December 1940—Con. 
{Gram-calories per minute per square centimeter of normal surface] LATE DATA 
Madison, Wis. Blue Hill, Mass., November 1940 
| Sun’s zenith distance Sun’s zenith distance 
| an’. | 787° | 78.7° | 70.7° | 60.0° | 0.0° | 60.0° | 70.7° | 75.7° | 78.7° | ts - Birt | 75.7° | 70.7° | 60.0° | 0.0° | 60.0° | 70.7° | 75.7° | 78.7° | 390 
Date 75th Air mass ay Date 75th Air mass ews 
ean 
solar mer. solar 
time A.M. P.M. time time A. M. P. M. time 
e 5.0 4.0 3.0 | 2.0 | %1.0) 2.0 3.0 40; 50 | e e 5.0 4.0 3.0 2.0 | %1.0} 2.0 | 3.0 4.0 | 5.0 e 
mm, | cal. | cal. | cal. | cal. | cal. | cal. | cal. | cal. | cal. | mm. mm. | cal. | cal. | cal. | cal. | cal. | cal. | cal. | cal. | cal. | mm. 
Dec. 3........| 0.41 | 1.04} 1. 1.2 0. 58 Nov. 1..... an 5.0 | 0.91 | 1.02) 1.15 = 5.4 
3.6 | 1.04 1.18 | 1.31 1.30 | 1.15 | 1.01 91 3.6 
Blue Hill, Mass. Nov. 19_. 2.8 | 1.04 | 1.12 | 1.22] 1.32 ]_- . ite 1.03 91 3.2 
Nov. 21.. 12.181 1 1.15 | .94 3.8 
Dee. 3.. 1.5 | 1.05 | 1.13] 1.25 | 1.38 1,28 | 1.14 | 1.04 1.0 | Nov. 26.....- 1.3 
Dee. 14... 1.3 1.46 | 1.29 | 1.15 | 1.08 11 00 03 |—.02 01 
Dee. 18.......) 1.4] 1.07 | 1.16 | 1.26 | 1.36 1.21 | 1.04] .90 1.5 
Dee. 24._.... 1.3 | 1.03 | 1.12 2.0 *Extrapolated. 
Dec. 26....... 2.8 .84 | 0.74 3.5 
1,04 | 1,41 | 1,23 | 1.38 weep? 
Departures +.15 +.05 |...... +.15 |+,.10 |—.02 |—.05 
TABLE 2.— Average daily totals of solar radiation (direct + diffuse) received on a horizontal surface 
(Gram-calories per square centimeter] 
’ ; Washing- : New Cam- Twin New River- Blue Friday Albu- 
Week beginning— ton Madison | Lincoln | Chicago | yo, Fresno bridge Falls | Jolla Orleans side Hin | Newport! parbor querque 
cal. cal cal cal cal. cal cal cal, cal cal. cal eal eal. ‘ 
a AP ee, 186 143 166 123 179 210 164 180 257 238 247 159 177 68 324 
NS oe a4 54 112 198 123 189 206 165 152 123 125 138 164 
SS. Jae 170 | 107 173 82 138 146 102 99 200 145 177 110 118 45 279 
Dec. 241............ | 122 | 42 48 46 103 123 199 171 188 101 114 87 206 
‘ DEPARTURES FROM WEEKLY NORMALS 
| +26 +26 +48 +71 +61 +8 +33 +30 +26 +15 —14 : 
—44 —28 —73 —27 +6 +66 —24 -—18 —45 | 
Dee. -27 -7 —121 —36 —56 -7 —31 +8 -2 —34 —25 
ACCUMULATED DEPARTURES ON—DEC. 31, 1940 
PERCENTAGE DEPARTURES FOR THE YEAR 
18-day mean. 
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POSITIONS, AREAS, AND COUNTS OF SUN SPOTS 


(Communicated by Capt. J. F. Hellweg, U.S. Navy (Ret.), Superintendent, U.S. Naval 
Observatory.}] All measurements and spot counts were made at the Naval Observatory 
from plates taken at the observatories indicated. Difference in longitude is measured 
from the central meridian, positive toward the west. Latitude is positive toward the 
north. Areas are corrected for foreshortening and expressed in millionths of Sun’s 
hemisphere. For each day, under longitude, latitude, area of spot or group, and spot 
count, are included assumed longitude of center of the disk, assumed latitude of center 


of the disk, total area of spots and groups, and total spot count. 


Heliographic 
East- Area 
D Wilson spot | | Obser 
ate | stand-| ce} spo qual- vatory 
ard | | ence Lati-|from| or ‘ity 
time ‘ in tude | cen- |group 
longi- ter o 
tude disk 
1940 hem 4 4 
Dee. 10 51 7062 | +3 71 | +14 13 218 VG | Mt, Wilson. 
7063 | +74 142 | +13 74) 291 10 
7064 | +74 142 | +11 74 145 4 
(68)) (+1) 654 23 
Dec. 2...| 11 19 7 336 +8 79 12 Do. 
7065 | —77 338 +2 77 24 2 
7062 | +17 72 | +14 22) 206 4 
(*) +56 lll | +14 57 6 2 
(55)} (+1) 248 
Dec. 3...] 10 15 7067 | —74 328 +8 7 48 2; Qa U. 8. Naval. 
7066 | —69 | +8 69 73 1 
7065 | —62 340 +2 62 97 4 
7062 | +36 72 | +14 33 218 4 
(42)) (+1) 436 ll 
Dee. 4...) 11 1 7069 | —86 303 | +18 86 121 1 F Do. 
7068 | —63 326 | —12 64 97 4 
7067 | —60 329 +8 61 97 7 
7066 | —56 | 333 +7 57 4s 1 
7065 | —50 | 339 +2 50 109 4 
7062 | +42 71 | +14 44 218 2 
(29); (0) 690 19 
Dec. 5...| 14 3 7069 | —71 303 | +18 72 170 1 G Do. 
7068 | —50 324 | —I11 51 170 6 
7067 | —49 325 +8 50 170 7 
7066 | —40 | 334 +7 41 73 1 
7065 | —33 341 +2 33 145 7 
7062 | +58 72 | +14 60 145 1 
(14) (0) 873 23 
Dec. 6...) 10 50 7071 | —85 | 278) —14 85 48 1; VG Do. 
7069 | —59 | 304 +18 60 73 1 
7067 | —40 | 323 +8 41 97 6 
7 —39 324 | —11 40 267 10 
7067 | —36 | 327 +6 37 97 7 
7066 | —30 | 333 +6 31 48 1 
7065 | —21 | 342 +2 21 121 10 
7070 —6| 357 | —16 18 12 2 
7062 | +69 72 | +14 70} 145 1 
(3) (0) 908 39 
Dee.7....| 11 13 7072 | —84 265 -7 84 24 1/ VG Mt. Wilson, 
7071 | —71 278 | —14 72 48 1 
7069 | —48 | 301 | +20 51 73 1 
7069 | —47 302 | +19 50 6 1 
7067 | —27 | 322 +9 29 121 14 
7068 | —25 | 324] —11 27 | 339 22 
7067 | —23 | 326 +7 25 97 7 
7 —15| 334 +7 16 61 1 
7065 —8/| 341 +3 9 12 1 
7065 —8)| 341 +2 9 145 23 
7070 +7 356 | —17 19 12 5 
7062 | +83 72 | +14 83 145 1 
(349); 1, 083 78 
Dec. 8....| 11 38 7074 | —78 | 258) —10 79 485 1 GQ |U.8. Naval. 
7072 | —69 | 267 -—7 69 48 1 
7071 | —57 | 279) —14 58 73 1 
7069 | —35 | 301 | +19 40 6 1 
7069 | —33 | 303 | +19 38 73 1 
7067 | —13 | 323 +9 15 97 12 
7068 | —11 325 | —11 16 | 339 15 
7067 —8 3238) +8 12 97 4 
7066 —2 334 +8 8 48 1 
7065 | +7/| 343) +3 7 73 4 
7070 | +20 | 356 | —17 26 12 4 
7073 | +22| 358; —7 23 12 3 
' (336)' 1,363! 48 
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POSITIONS, AREAS, AND COUNTS OF SUN SPOTS—Con. 


Dec. 10_- 


Dee. 11_- 


Dee. 17_. 


12 


13 


54 


21 


51 


43 


Heliographic 
Dis- 
r- tance! s 
ence —_ Lati-| from | 
in tude | cen- 
longi ter of 
tude disk 
° ° 
—65 | 257 | —10 67 
—60 262 —6 61 
—54| 268) -—7 55 
—44| 278) —14 46 
—20 | +20 27 
—18 304 +1 18 
+1 323 | +10 10 
+3 325 | —11 12 
+8} 330; +9 13 
334] +8 15 
+19 | 341 | +19 27 
+22 | +2 22 
(322); (0) 
—70 239 | +13 71 
—7 239 | +11 70 
—52 257 | —11 53 
—47 262 —6 48 
—4i 268 -7 42 
—30 279 | —14 34 
—7 302 | +20 22 
—5 304 +1 5 
+13 | 322) +10 16 
+16 325 | —1l1 20 
331 +9 23 
+26 | 335) +8 28 
+32 341 | +19 37 
+35 344 +1 35 
+51 0}; -7 52 
(309) (0) 
—57 238 | +10 58 
—39 256 | —11 40 
—30 265 -7 32 
—17| 278| —14 22 
-4 291 —& 6 
+7 | +19 21 
+9} 304) +1 
+9} 304 9 
+29 324 | —11 31 
+37 | 332) +9 38 
+39 334 +S 40 
+46 341 | +20 50 
+48 | 343) +1 48 
+63 | 358) -—7 64 
(295) (0) 
—43 | 239 +10 44 
—31 251 | —10 32 
—25 257 | —10 26 
—17 265 19 
+21 | 303 | +18 
+23 | 305; +1 23 
+23 | 305; -3 23 
+43 325 | —12 44 
+50 | 332); +9 51 
+60 342 | +19 63 
+62 | 344; +1 62 
(282); (—1) 

—48 | 104] +12 50 
238 | +11 13 
+3 245 | +12 13 
+14 256 | —20 23 
+17 259 | —10 20 
+21 263 | +13 25 
+29 271 30 
+38 | 280/ —12 40 
+67 | 309) +3 67 
+69 311 —5 69 
+86 | +3 86 
(242)) (—1) 

—32 185 | —11 33 
195 +11 25 
+23 | 240 +11 26 
+28 | 245) +12 31 
+41 258 | —10 42 
+41 258 | —18 44 
+50 | 267) +11 52 
+63 | 230) —11 63 
(217)! (—1)' 


Plate 
qual- 


count ity 


Observatory 


va 


~ — on 


a| 


Owe 


U.8. Naval. 


Do. 


Do. 


Do. 


Mt. Wilson 


U.S. Naval. 


|| 
| | 
East- Mount | .rea | | 
ern | Wilson of | spot 
Date | stand- pot 
ard | sroup or 
time oup 
hom 
Dec. 9_...| 13 23 7074 533 | 
7072 73 } 
7072 121 
7071 45 
7069 97 
7076 48 
(*) 48 ? 
7068 435 
7067 97 
7066 45 | 
7075 97 
7065 73 
768 
7077 24 va | 
7077 97 
7074 436 
7072 121 
7072 121 
7071 48 } 
7069 97 
7076 121 
(*) 24 
7068 436 
7067 145 | 
7066 36 
7075 194 
7065 73 
7073 73 
| 
| 
7074 
7072 145 j 
7071 24 
7079 12 
7069 61 
7076 145 
7078 24 
7068 291 
7067 170 
7066 24 
7075 315 
7065 73 
7073 12 ; 
ii 7077 194 || ? 
7074 12 
7074 315 
7072 121 
7069 48 
7076 194 
7078 48 4 
7068 218 7 
7067 170 6 
7075 315 8 ms. 
7065 12 1 a 
647 69 
Dec. 15..| 7082 97 
7081 73 5 
7077 194 35 
7077 194 
7084 6 
7074 267 
7083 6 
7072 12 
7071 61 
7076 194 ; 
7078 24 
7080 97 a 
90 
ii 7082 97 4 F 
7081 48 1 
7077 73 7 2 
7077 194 4 
7074 242 2 
7084 24 3 
(*) 4 
7071 48 3 
7! 
q 
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Z POSITIONS, AREAS, AND COUNTS OF SUN SPOTS—Con. | POSITIONS, AREAS, AND COUNTS OF SUN SPOTS—Con. 
| Heliographic Heliographie 
East- | Area Fast- Area 
ern | Dis-| of | spot | P'stel pate | Dit. Dis-| of spot | : 
date stand-| er tance} spot qual- wervatory ate stand- nce) spo qual- sservatory 
ard | | ence Lati- from | or |UD) ‘ity ard | | ence Lati-| from! or ‘ity £ 
time | in | tude | cen- |group time | tude tude | cen- |group 
| | longi-| ° ter of longi- ter of 3 
| tude disk tude disk 0 
A m ° ° ° ° h m ° ° ° ° Q 
Dee. 18__| 11 17 7085 | —81 | 123 | —13 81 2 1} | U.S. Naval. Dec. 27.-| 11 1 7087 | +6 92 | +7 1! 61 12 | VG | Mt. Wilson. 
7082 | —19| —11 21 61 1 7085 | +38 | —14 40 | 339 33 
| 7081 | —10| 19] 16] 48| 4 7000 | +76 | 162| +12] 77| 194] 5 
7077 | +36 240 | +11 38 73 8 + 
707 5 5 2 4 
| 7084 | +55 259 | 56 12 l Dec. 29 13 43 7095 334 +7 145 1 F U. 8. Naval. 
: 4 7 340/+18| 79] 48 1 
my | (*) +63 267 | +11 65 ‘ 5 7094 | —76 342 | +12 77 45 1 
| —9 58 145 
(204)) (—1) 51) 25 | | 95| 48| 30| 48] 4 
Dec. 19--| 12 56 | 7085 | -68| 122] -13| 97| 4] @ Do 5 
| 7082} 179] —3 il 12 1 (58)} (—3) 579 16 
| —6 184; —10 10 61 1 | 
|} 7. | +50} 240] +11 52 24 8 Dee. 30 13° 45 7095 | —69 | 336 +8 69 145 2 F Do. 0 
| 7077 | +57 247 | +12 59 291 3 7093 | —64 341 | +18 7 48 1 U 
7074 | +69 | 259 -Y 69 218 3 7094 | —63 342 | +12 65 48 1 * 
| (*) | +75] 265] +11] 7 18 1 7092 | —43 2} 43] 170 5 5 
7087 | 94/ +7] 48 4 
| (190)} (—2) 721 21 | 7085 | +79 124 | —13 4s 3 
| 
Dec. 20..| 13 22} 7085| —54| 123/-13] 55] 19] 12| G Do. | (45)) (3) 
| Dec. 12 57} 7095] 336) +47] 57) 121 5| @ Do. 
| 7074) +81} 258) 1465) 7004 | —50| 342) +12] 53] 48] 1 
7092 | —29 3] -9 25 | 242 
oe | | (177)| (—2) 678 19 | | S087 +62 94 +7 63 12 3 q 
Dec. 21..| 12 35} 7087] -75| 89] +8] 48| Do. (32)! (—3) a7i | 19 ‘ 
| 7085 | —41 123 | —13 42} 339 13 
| 7082) +21) 185) 22) 48 Mean daily area for 27 days------ = 840. 
| | 7086 | +57 221 | —11 58 24 3 
} | F077 | +81 245 | +12 2 48 1 | | *= Not numbered. d 
| VG=very good; G=good; F=fair; P=poor. 
(164)} (—2) 507 ly 
Dee. 11 33 | 7087 | —61 9 | +8 62 Do. PROVISIONAL RELATIVE SUNSPOT NUMBERS 
7085 | —27 | 124) —13 | 380/ 339] 13 Dependent on observations at Zurich only. Data furnished through the courtesy of 
| 7082 | +33 1 Prof. W. Brunner, Eidgen. Sternwarte, Zurich] 
N be Rel N ber Rel N be’ Rel 
November Relative Yovem elative || November ative 
Dec. 23.-|11 6] 7087|—48} 90] +8| 49] 7 2| F Do i] 
7085 | 124 | —13 18 | 388 21 1940 numbers 1940 numbers 1940 numbers 
| 7089 | +15 153 +9 19 48 6 | | = 
7088 | +70 208 | +13 72 24 1 1 | #38 11 60 H 21 | 34 
(138)| (—2) 533 | 30 @ 13... a 66 || 16 
Dec. 11 52| 7087/-35! 90] 37] 48| 1] F Do 3..----- Ec 64 || Me 99 || 27 
| 7085) 124) 242] a 61 || 14---.-- Eac 70 || 24_-.-- Mc 36 
7089 | +26/ 151| +9] 48 7 | d 56 
| 7088 | +54 209 | +13 86 97 1 | i 
| 
| | (125)| (—2) 435 | 24 | 43 || 16__--- a 100 
Dee. 25._| 11 22 7087 | —21 91 ae] 24 48 2 | F | Do 8 Eac 67 18 87 28 #54 
| 7089 +38] 150/410} 40); 48) 76 || 19..--- 65 |} 29...-- 42 
| 7090) +48) 160) +13) 50| 97 5 | 47 || 30__--- 31 
(112); (—2) 411 21 | 
Mean, 28 days= 57.0 
Dec. 26._| 11 35 | 7091 | —35 64 | +14 39 12 3| VG Mt. Wilson. *=Observed at Locarno. | = 
| 7s7 | —7 92); +8 13 61 5 a= Passage of an average-sized group through the central meridian. 
| 7085 | +25 124 | —13 26; 218 14 b= Passage of a large group through the central meridian. Pe 
7089 | +51 150 +38 52; 24 4) c= New formation of a group developing into a middle-size or large center of activity: 
| 7090 +63 | 162 | +12 65 | 194 5 | | E, on the eastern part of the sun’s disk; W, on the western part; M, in the central- 
: } circle zone. 
| | (99)! (—2) ' 509!) 31! | d=Entrance of a large or average-sized center of activity on the east limb. 
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MONTHLY WEATHER REVIEW 


The Montuty WeatHer Revinw, as implied by its title, provides 
monthly meteorological and climatological data for the United States 
end adjacent regions; and in addition it publishes brief contributions, 
principally to syroptic meteorology and applied metoorology. The 
issue for each month is published as promptly as the statistical data can 
be assembléd and printed; ordinarily, each number appears aboui 
seven weeks after the close o: »+he month to which the data pertain. 


The Weather Burcau desires that the Montaty Weatuer Revizw 
shall be a medium of publication for contributions within its field, but the 
publication of a contribution is not to be construed as official approval of 
the views expressed. 


In order to maintain the schedule with tie Public Printer, no proofs 
will be sent to authors outside of Washington, D.C. Requests for a 
limited number of reprints of the more important contributions can be 
granted; such requests should be made by the author on the tirst page 
of the manuscript. 


Annual Subscription to the Monraity Review: Domes- 
tic, $2; foreign, $2.75. Single copies, 20 cents. 


Subscription to the Review does nvt include the SupPLEmznts, 
which are issued irregularly and are for sale separately. A list of 
these and other Weather Bureau publications may be obtained on 
application to Chief, U. S. Weather Burean, Washington, D. C. 


Address Orders only to 
Superintendent of Documents, U. 8. Government Printing Office, 


Washington, D. C. 
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